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FOREWORD.

The bibli~raphy presented herewith was compiled by
the Department of Engineering, University of California,
Los Angeles, under Purchase Order DR-169 with Sandia Car-
poration of Albuquerque, New Mexico.

Seare~ for and'examination of 7,.ferences was dorke by
C.M. buke T M English, M.Feigen,W.T. Thomson, and

N1 . .A. H. -Whi Mr White, with assistance from W.F. ,Hode,
did the work of editing and compilation.

, In order that the bibliogratphy shall be as promptly
available to the profession as poesible, it is iss,7'rd at
this time with -the expectation that game inaccuracies and
omissions may have escaped the editors. It is believed
that these will not, materially impair the usefulness.
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PART I

EXPLANATION'OF DESIGNATIONTS FOR REFERENCED

Example: Ab43

as The letters identify the subject classification and its subdivision\
alisted in the above Table of Contents. In this example tbe reference

giro~e static test charaoteristici of plain concrete, 'mortar, or gl.Ass.,

ar indicated wihfour numbers (e.g.-Ca,1871).

In keying; teob~oal reports to this bibliography, one may use paren-,
t~tieal reference de~ignations as above and add the author's sirname.-

Thus: AM43 Smith).-
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PART III.' BIflLI.OGRAPHiY

As.- STATIC TEST'CHARACTERI'STICS --- BRICKS, CON{CRETE BLOCKS.

See als~o: Rpa48 Frankel, Af49 "Chalmers Telmi she" /

Aa5O. "Masonry, Masonry Udnits, and Mortar, Bureau of Standards
letter, Circular 983, April 195.0.

A complete listing of papers written 'by staff members of
the Bureau of Standards on the subjects listed,

AatSO. Plw r, Harry C.
1 ,"l'Brick and Tile Engineering," Structural Clay Products Inst.,

Washington, D. C., 1950. 391pp.

Portions of the handbooks "Brick Engineering" end."Tile
1 ' ' 'Engineering" deal ig with nonreinforced'masonry only.-

'i1l A&48.'- Forkner, H.R H age "'T. .S,]er4PS., and Whittmi43W
"Mortar Bond Charo ristis o -farious Brick,"1 Va. -Poly.

Inst., Engr. Exp. Sta Bul. n.70 v .42 n. 1. NovA948

Report on tests made to detern'-pe physical pro erties of
selected masorrym;aterials, an& to study effect of method of'
forming tension b'3nd strength couplets.

A&46. tasaettre,! Majorie, and Everhart, Tj.O.
* "Stress-Strain, relations in Ceramic M erials," Am. Ceramic
* Soc. 1:39:261-266 1946.,

* Several types of ceramic materials studied under stress with
SR-4 strain gages to measure the strain...Behavior was similar

* to elastio material-s, hard fired materials 'exhibit straight fine
defoimation; soft fired materials have proportional limit-
strosm-strain curve deviates from a straight. line.:

Aa43. Pearson, J,.C.
"Measurement of bond'between bricks and mortar," Am. Soc.'
Test Mat.'- Pr~o. 43:857--66 .1943.

Modified cross brick couplot test and wall test gave resulVts
for modulus of rupture and tensile strength in bond.

1.43. Plunmmer, H. C.,t and Reardon, L.J. (
"Brick Zngizneering,"' Structural Clay Products Inst., 43?pp.,
19431.

Contains bibliography, 67 ew of test data, and design inform-

ltion onrick masonry. Very complete handbook of' design.
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AaS9 'orson, .Tohr B ,Wihy .
"Materia of Construction." kiiey Stjh Ed. 86.7pp. 1939,.

U3 '. Wi they, M.O0.

"Recent Experimentg on Masonry B01iding Mterials Maev j .a

N-1 M .3atel estng Laoratory of Univc'rgity of Wiscor3in,'

A3. Palmer, L.A., and Parson'sj. D.A,
"~A Study of the Properties of Mortars and Bri'dks and thair
Relation toBond," Bureau of Standar~ds Journai a':,609-r64.4

May..1934. I
:AU33- MeBurney, 3.~,and L.ovewell, U,.E.

"'Strengh We'Ab Ior~in and Weather Resistance uf
Building Brick Pi~oduced in the UnIted States,J" Am. Soc.,
Teat. "Mat. Proc. 83pt.II:836. 19331 V

"Weighted overages and dispersions of the compressive end

transverse strengths of' the building brick produced in the

Aail. Griffith, John Stutra,.liae,

Derivation of' formula predicting strength. Ftormula
based on sensible pore space determined by degree of''
absorption of water by weight..

Aa29. 'IPhypioal P\ropdirtis of' Brick and Brich.rk,."1 Brick Engr.

Aa2g. MoBurney, .T'W.
"The Comressi';e, and Transverse Strength of Brick,"
Am., Ceramic Soa. J,, 12- 217 1929. Also. Bur. Stan Jo
Research 2:,821 1929 (RP69),

"No general rule exists for converting values from a
Ii~compressive test made with a brick- on its flat side t c

the -compressive strength 'with the"brick on edge.--
The modulus of rupture can not be determined from a
compressive test (nor' vice versa) Without possibility

* of great error. "

Ma28. UcBurney, 3. W.0
"Strength of, Brick in Tension," Am., -reramic. Soo. J. 11' 114 1928

' "'Summary:
~ I.(1) Ail appa.PatUs for making tensile tests on whole,V ' 'bricks is described. *

*(2) The tensile strengths of isev'erdl types of brick
are given..

kA,
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011.(3)1 he tensil~e strepgth of the bricks exami 'ned are

between 30Wand 10% of the modulus of rupture 6'"

*Aa2?- -Stang, A. H.
"A Portable Apparatus for Transverse Tests of Pr~k

~Bur. Stand. Tech. Panir n. .41, v, P, p347 (19 26-27)llf

AaZ7,. 'Tucker, J; Jr0
"'-1 The Compressive Strength o#, Materials, with Applicdations,"

Franklin Inst. J (204-751 Ikc 1921.,

Wa4, *hittemore, H.L.,
"Equalizer Apparatus for TrAnsverse Tests of Bricks,"
Bu r Stand. Tech. Paper n~ ii, l ' 18 pp,..107-l11 (W294-2p,).

Description-of a new equal4ze apparatus'for making trans-
verse teats of bricks,//design d to insure proper loading
and alignment',ee ,wit wapd bricks.

Aa2lO. En1ey and Ole'are a

"How Brick Piers (aiil, Sor d-T L~ a. POo~c~ 1920.

Des'cribes apparatus for tensile test brick and gives
some value

(~ f
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Ab.. STATIC STCHARACTERISTICS --- PLAINr CONCRETEM0RTA R, GLASS

Seb lso:Aa5O"Masonry, Masonry Unt..Etc,09
t' f4 "Chalmers enba-,

Account of results obtained from tests concerning ex.-

tpn'Oibility of plain and reinforced concrete specimens in
tonsibm and bending; data oji teuB; apparatus and material;
tests on briquettes, reinforced tension columns, plain and
reinforced eams; results prosented in charts. Bibliography.
(Very good .art Icle.,)

AlAb4&. Vivian, A.C..
.. "The- Stress-SOtra Iin Relation of Concretes," J. Inst.

Str'ucturai. Enre. -24:42-E 3 Jan.0 1946.

Ab43. Washa, G.W. V .
"Tests of Mason y Cements," Am. Cone. Inst, J. 15: -165-71 Nov,. 1943.,;1

Ab42-. Preston, F.W.
/ "The Mechmnical*.PropertieB of Glass," J. A 4p Pysics

Contains bibliography,

Ab4l. - Maney, G. A.
"Concrete Under-Sustained Working Loads; Evidence-tbat-,
Shrinkage Dlminates Time Yield," AmSod.Tet.Mat 0Proe.
41- 1021-1031 l94l.'

Ab4l. Smith; F.C., and ' Brown, R. Q.
"The Shearing Strength of Cement Mortar," Univ. of Washington
Engr. Exp. Sta. Bul. n. 106, F'~b. 1941. -

R eport of triaxial compression tests on cement mortar;
y use of Mohr diagram; cohesive strength and angle of

internal friction.)

Ab3. "Tests on Concrete Masoniry Units," Am. Cone. Inst.Ja.36:121
Nov. .1939.

This p~aper. presents results 'of a series of t,sts to show
the effect of two different types of mclp.nvirto
and tamp ing, on strength and other factors of concrete.-



k)N.

AW Gilkey, H. 5 i and Murphy, G.
"Stresstrain c practeristics of mortars and concretes'~
Ain. So.Tet. t Proc,< 3t. 1!3:18 1938.'

Gives results o,%extensive series of-testS; includes many
stress-strain cu ves; 'ehows influence of different factors
on striength and atrss-strain chareturistios.

Ab38.- M6orey, - G W.-
"tProperties of Glass,", Reinhold Pub. Co. 5i61pp 1938.

Ab28. Gonnerman, H. F. , and Shumnan, E. C.
"Compression, Flex~ure an~d Tension Tests of V 'lain Concrete,"~
Am.Sqoo.Test.Mat.Proa.pt.2 28:5.27-5.64 1.928.

Ie investigation described in this paper was madd for the
p 08g of determining the effect on the fl1exural a ,d tensile

St';n th of plain doncre~e of tome of the factors vqhidh are
I" kt'gntooinfluence the oomprpOSiVe strength. "'

'1 Id



Ac. STATIC TE'ST CHARACTER S --- UNREINFORCED'
MASONRY.STRUCTURAL ELEMENTS

* See also: Af49 "'Chalmers.Teknisk4---"% Aa43-Plunmmer, AnsO5 Plum~mer

Ac48JI, Feret, L., and Caen, F.
"Lechaical Resistance of Ma "nry," (in 7rench)Insti tut
Technique du B&timent et d'es T.rvaux Publ.tics Cir Serie I
-ri.37, Oct. 5,1947 (19 pp).

Study of causes of failure-of' various types of structures;
influence of joints studied by tests, wall elements with
high mechanical r6sistanhce connected with poor'mortar rerderff resistance greater than that of mortar; influence of type.
of mortar. I

Ao~4~. "Dry-Block Panel Shot with .et -Crete," Construction
"I Methods v.30 n.6 pp.96-8 11" a, 1948.

Description ff dry laid cd'ncrete blocks4 sandwiched between
two layeru of J3e(,-Crete (air-applied concrete), tested in

"bending.

Ao47..' "Cracking TendAcies 'in Brick or Stone Masonry Walls "at

the, StructuraV3/ lab,", Abi.Cpac.Inst.J. 18:606-8 Xan. 1.94?.

-. 'Ac43. ."Breathing Walls "of Br'ick and Tile, A New,(Masonry
Conception, ".Brick end Clay.Rec.* 102:14-16 April 1943.-

*A643. Sweet, H.A.
"R'*ebsisanee of Brick Walls to Wind, "Engr. -Newis Rea.,,-

1:6 3-1 p.21, 1943. Discussion: 131:734-6; 132:92,

k642. Molloy, E.
"bri ckwork and Masonry, "'Chemical Pub. Co. l4Qpp, 1942.

Aa4l. "Tasting.New Masonry Units, National Bureau of Standards,"
"Rock Prod. 44 -70 .June 1941.

* A08.- Whittemore, II.L., and Stang,, A.H. K r
"Methods of Determin.ing the Structu >d Properties of
Low-Cost House Construction,"' Buildini Materials and
Structures Report N6.2 ('EMS 2), Bureau, of Standarda, 1938.

Report gives complete.,Instructions' concerning the procedure
'to be used in testing walls., pattition6, floors-akld roofs
in the series ot tests to follow. Loading types to be used:
compression, transvers Ie, concentrated loadt impact load,
and racking loads.*,
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Ac38. Whittemore, Stang, and Parsons
"Structtiral Properties of' Six Masonry Wall Construction,",
EMS 5. Bur td, 193a,

Report of tests made on walls by procedure given in BMS 2,
Walls were. of brick, clay tile, and concrete block. Report
gives complete data on different types of loads and correspond-
-ing typical failure features. Several load-deflection curves0

-Ak-34. Conner, C. C.
"Resultant Separation Cracking Between Various Mortars and Brick '

in Existing Brick Structures," Am.SocTestmMat~v.34 pt,2 194

Ac,32. Richart, Moorman, Woodworth
OStrength and Stability of Concrete Masonry Walls,"
Univ. -of Ill': Bul. No.. 89, July 5, 19-32.

Test rE'aults on: types of mortar,.-design of units, deforma-
tions ofaxially-loaded'alls, walls under eccentric loading;*

flexural sirength of walls.

/Ac3j. Kelco, ifornan W;-
"Methods Ued in Testing Masonry Specbimens for Bending,
Tension, and Shear,"1 Am, Ceramic Soc. J. v. 14 Feb0 193L.

Gives results 'gf testing of 24 walls, 405 ft. wide,1 5 5. ft'-
high, some 8 inches and some 12 inach~s thick. It was shown
'that aging of lime-mortar is essentil. Brick masonry
withstands eart~quake shocks when mortar -,,) mtured by ageing.-

Ac28. MoBurney, *. W.
* "Effect of Strength of Brick on Compressive Strength of,

Bri ck Masonry," Am. Soco. Te st, Mat. 1'roc. 28pt. 2: 605.-634 1925.

Data presented on tests, of 186. brick walls with different
makes of brick, methods of testing; tables of comp. strength.

lnk -Whittemore and Stang
* '"Compressive Strengths of Sand7 ,isBic al

Bur. Stand, .Tech. Paper in. 276, v, 19, 1924-25.

Also gives some results of tensile tests.

Ac24.' Ingberg, S.H.
"Factorti Affecting Brick Masonry Strength," Am.Soc. Test.
Mat.Proc. 24pt.2:905-919 192C~

Description of brick masonry, test methods amd effects,
strength properties of individual bricks, compressive
strength of masonry, ratio of masonry strength t8 brick
strength.

Aql6. 1X_ Kreuger, H,'-
"The Strengtfi of Brick Masonry,?' (In, German) fToni isdust ri e'
Zsitsng- 40:,59Y-633 1916



Ad, STATI.C TEST.PROPERTIES--REINFORCED
CONCRETE STRUCTURAL ELEMENTS

.Ad5O0  Mendenhall, John D,
"Diaphragms of Reinforced qpncrete,11 paper presented Lkt
National Spring Meeting of ~At o~Civil .Egrs. Los
Angeles, April l195O.

.Analyis of concrete shear wallr analyzed byr fivye cumpara-
tive methods. Elastic stability investigate&- Call( iv
of Arcb. allowable stresses.. Analysis of floor of tena.)tory
buildi"x. Influence of 'Construction joints and slab anchorage.-

I Ad48& Holmberg, A. ,

"Cracks in Lower -Part of Concrete Wall, H(In Swedish)
'Betoizg v. 33 nl03, 00., 144-- 9'1948.

..,Development of..equations which give critical length of wall1
2 ,~ Uand maximum strain; compuptation of reinforcement required to

avoid caracks0

Ad36, Parsons, D.Ak, and Stang, AIi.,
"Tests of Composite Beams and e,_labs of Hollow Tile and
Concrete," Bur.Stand0J. Research v,,4 Research Paper
n.18i Tune 1930.

Ad25, Parsons and Stang d 6 etSlbRinocdn"Tests of Hollow TilIe and Cdnrt lb enocdi
One Dire~tion,." Bur. Stand,,Tech1 Piaper No,,21.kt

jI.,
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Ae~. STATIC 4'EST CHARACTERISTICS --- REINFORCED
MASONRY STRUCTURAL 'ELEMENTS

Ae46. Converse, Frederick J.
*"Tests on Reinforced Co ncrpte Masonry, " Bldg.* Stand.

Monthly Feb. 1946. (Peinforced Brick Masonry)

Tests made of-wall panels in flexure," core beamit i i flexure,
and wall panels in racking or shearw Conclusions" walls'
behaveP der test according to principles of reinforced(t
conarete sign. (All teat speciiens were of reinforced

brick.mason y.) Much specific test-data and curves given.,
Ae45., Pippard, A. J. S.

4The Approxzin te Estima'tion-of S0afe Loads on Masonry
Bridges," S s osium of papers on wartime engr. problems,
IflBtCiv.E1 "B.' 1945.,

()Calcaitio, s\ pvd analyses of areah bridges and other types,
f/I. oisider g different~variables and solving for tensile

and a ressive strengths of the ~elements of the bridge;
a011w1 1 as thrusts and reactions of other elements.- The-
ability of mortar to take some'tensile. stresses is adhered
to in this analy ia.

Ae42. "Reinforced Bri~k Masonry Pauses First Real Test in California
Earthquake," Brick and Clay Rea. 100: 34"~36, Feb. 194.,

Ae3B., Vaugh, M.
"Reinforced Brickwork,"_Uuiv.. of Missouri Ezngr.Ep.Sta.-
Bul. vol. 29,n.37, 1938.

Ae:35. Gallagher, . .
"Bond Between Reinforcing Steel and Brick Masonry," Brick and_
Clay, Rec.' 86-:92 Mar,, i935.

Ae35- Vaugh, M. and Mosher, A.
"RecordI of Reinforced Brickwork i.n Ind ian. Earthquake, !
iEagr. News Re. 115.: 7:38-9 Nov. -28,'1935..

Little dw~age to properly designed bldgs, Wealcnessss in
ordinary brick buildings are as follows: Use of arches, which
can not withstand lateral forces; bldg.-offers little
resistance to twisting; vertical walls varied in damage with
type of mortar used more than with any other observed factor;
not tying parts of bldga. together --- applies especially to
walls and ceilings. Little difference in damago sustained
by reinforced brickwork and reinforced concrete.-,

Ae34. Lyss, Inge
"Tosts of Reinforced Brick Columns," Lehigh Uiaiv.Pub. No.6,
.Tune 1934.
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Ae34. Withey, M. 0.
'"rests on Reinforced Brick Masonry Coltumns" Am. Soc 0Test.
Mat.Proco.pt. 2 34:387-405. 1934

"The results indicate that the column strength varies
directly with the strength of the masonry and the per-
centage of longitudinal steel, and is increased by the
.use of lateral reinforcement: Strengths of 5000 psi
based on gross area and over 7000 psi on the cores
after .shell spalling were attained."

Aer3. Hansen, James H.
"Developments in Reinforced Brick Masonry," Am. 0oc Civ. -
Engrs.Proc. pt.1 59:407-427 1933.

"This paper contains a brief history of the development of
reinforced brick masonry to the tme that engineers in the
U.S. became interested in the subject. Its development is
then given in detail by analysis rf tests."

Ae:5S. MoBurney, -J. W.
"Discussion of .'Development in Reinforced Brick Masonry',"

Am. Soc. Civ. ngrs.Proc.59: 1344, 1933. \\

Ae33. Withey, M.O.
"Test's, on Brick Masonry Deams," Am. Soc. Test.Mat. Proc.
33pt. 2:6].-669, 1933.

Making gnd testing of brick masonry beams., Proof of
validity of using reinforced concrete design procedure
for design of rdinforced brick masonry beams.

Ae32. Parsons, Stang, and MBurney
"Shear Tests of Reinforced Brick Masonry Beams,"

..Bur. Stand.J.Research 9:749 1932 (Research Paper 64).

Description of specimens and testing methods; results
of beams tests: deformatibne in beams, positions of
neutral axis; load-deflection curves,eto

Ae32.' "Report of Committee on Reinforced Brick Masonry,,'

Nat.Brick MfgrsoAssoc.Research Fndn.,. Reports 3,4,5,
"and 6. 1932.,

Ae3. Whittemore and Dear
"An Investigation of the Performance Characteristics of
Reinforced Brick Masonry Slabs,," Va.Poly.Inst.Bul.No.9
June 1932.

vt .

... I
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Extensive series of tests run on reinforced brick
masonry slabs.- Gives test results including strength
Of brick and mortar used, absorption of brick, load deflec-
tion curves, moment vs strain curves, measured vs calci-
lated stresses; lists factors affecting strength of re-
inforced brickwork. A comparison of the performance
characterisics of reinforced brick masonry slabs and-......
reinforced ""icrete,,slabs.

Ae3l. Lent, L.B.
"Reinforced Brick Masonry," Am0 Ceramic Soc. J. 14:469-481,
1931.

A descriptive presentation of the practical use of rein-
forced brick m sonry is, given together with a historical
survey of t~e development of its use.

Ae23. Brebner, A.

"'otes on Reinforced Brickwork," Govt. of India, Public
Works Dept. (Calcutta), Tech. Paper No. 38, 1923.

eI
Jr,
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Af. STATIC TEST CHARACTERISTICS--MASONRY CONSTRUCTION PRACTICES

See also: AaSO Plummer, Aa43 Pluniner

Af51. Shield, John E.
"Reinforced grouted brick masonry provides wall re-
sistant to lateral forces 44d to damage by fire."

Pamphlet, South West Builder and Contractor,) for
Brick Manuf'cturers Assoc. of Southern California.
April 27, 195.1.

Af5O. "Building Code Requirements for Reinforced Masonry,"
Conerte Masonry Meaufacturers AssoC., 3160 West 6th St.
L.A( ," Cglifornia, 21pp, Aug.1,1950.

AfWO. Kelch, Norman W.
"Some Properties of Reinforced Grouted Brick Masonry,"Am. Soo.Test.Mat.Bul.No. 168, Sept.1950.-

Article gives basis for design of reinforced grouted
brlck Imasonry in Southern California; excerp's from
'building"codes with working stresses; description of
"conutruction practice; and results of recent tests on
mortar, grout, and brick assemblies.

AfSO. "Building Construction Code of New York City, 19500"

The code states that the individual cementing agents
(quicklime, hydrated lime, portland cement) must
meet the appropriate ASTV specifications.

Speoifioations for mortar proportions are as
follows: Lime mortar, one part lime putty or hydrated
lime and maximum of three parts of sand; cement lime
mortar, one part lime putty, one part cement, maximum
of six parts of sand; cement mortar, .one part cement
and maximum of three parts of sand and almost 15% of
cement content can be hydrated lime or lime putty.

Tensile strength must be at least 150 psi at age
of 28 days by standard test.

Masonry units must be tested according to proper
AS'M specifications for given type of unit.

No specifications are given for brick reinforcement.

(f5 0. Building Officials Conference of America

"Basic Building Code, 1950".

Gives essentially same materiel in regard to masonry as
that given by the New York Building Construction Code---
See AfOQ above. -

21 NI
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"Design and Ccnsti iction of' Reinforced Grouted Brick
Masonry and some Properties Relating thereto,i"ppaper
prepared for presentation at Ist Pao. Area National'
meeting of Ani.Soc.Test'.Mat., San Franciaco,Caiif.,
Oct. 1949.

Af4g. "04ftis Teksi ska. Hogsko las Hand Iingar," NO-.84,
Goth'enbur-g, Sweedent, 1949..

Gives ultimate stresses in masonry elements and mortar;
data on flexure teats of masonry materials, some standards
from different countries on allowable and ultimate stresses.-
English summnary and bibliography with 52 references included.

AA47. Wailes, C.D.; Jr.-
"Reinforced Concrote Miasonry Design," -Concrete 55:23-5,

of all fo"smllhouses, connection of'wall and roof.-

"How to Construct-al of RenocdBrick aor,1
Brick and Clay Rec. 110:-35-39, April 1947.

Infoiination given and wall sections shown in diagram may
be used as a guide for small installations of ,reitforced
brick masonry.

AM- Griffith.D 3 .1.

k"Construction Design Chart,'- Western Constr. News 21:105,
Nov. 1946'

Destipa chart to determine flexural strength of reinforced
brick~ masonry beams with balanced tensile reinforcing.
Nomograph for design of reinfoiced briok masonry beams.

'Af45.- Bowen, F.M.
"'Design. Tables and Graphs for Reinforced Brickwork,"M
Surveyor v.104 n.2764 J-an.12,l.945. (Also: No." 2765
pp. -31-3-.-Jan. 19,1945.)

Review of Bri.tish Standard 1146-1943 which specifies that
fundamentals of design and analysis of. reinforced concrete
should form basis of brickwork standards; table gives
sizes of' steel needed, eoonomical design constants for
reinforced beams and slabs and permissible loads for

1 axial and eccentric loads on columns.

.1X

f\\
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Af4. "Steeltyd Reinforcqd Grouted Brick Masonry Design,",
S... Davidson Brick Company, 4701 Floral Drive, Los Angeles 22,

Calif.-" c1945.

Design of walls, columns, bond beams, footings; rectangular
beams; anchorage of joists to walls; bending and direct
stress of columns; horizontal trusses; distribution of
lateral loads to shear walls; general tests, inspection
and calculations.

Af44. "American Standard Building Requirements Masonry,",
American Standards Assn. A41.1, 34pp., 1944. (See also:
Indus.Standardization v.15 n.3, 1944, p.3709; Cer.Age,
v.44 n.1, July 1944, pp.26-7.)

Af3l. "Modifications in Recommended Minimum Requirements for
Masonry Wall Construction,". Building Code Committee of Dept.
of Commerce (Supt. of Docume,ts, Govt.Printing Office,
Washington, D.C.) 1931.

Amendment to "Recomrpended Minimum Requirements for Masonry
4 Wall Construction,"1prepared in 1924 by same Committee.

(See Af24.)

Af29. Lent, L.B.
"Possibilities for Reinforced Brickwor,".Engr.NeW6sRec.

Feb. 21, 1929 pp. 304-306.

Includes a survey of practice and tests in India, where
such constructiope has been used for floors, root-- stair-
ways, bridge decks, lintels, 'and cornices.

Af24. "Recommended Minimum Requirements for Masonry Wall
Construction:,,", Building-Code Committee, Dept. of Commerce
(Supt. of Documents, Govt. Printing Office) 1924.

Appendix contains ad extensive bibliography of tests
of masonry. See Af3l.

Af?? 'Handbook of Building Regulations - Making of Building
Laws" (Danish).-

Gives specifications for reinforcement in reinforced an
concrete firewall.
"The Building Commission does not consider lime mortar
as responsibly prepared if it does not contain at least
71% chalk hydrate. Carbide lime is not allowed for use."-

p * () Jj--,* t
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Ba. DYNAMII TEST CHA~ACTERISTICS---BflICKS, CCNCRETE BLOCKS

No references in this section.
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Bb. DYNAMIC TEST CHARACTERISTICS---PLAIN CONCRETE, MORTAR, GLASS

Bb49. Watstein, -D.
"Investigation of Properties of Plain Concrete Under Impact,",
Building Technology Div. Bur. Stand., Washington, D.C., 1949.
(Available on micro-film also)

Summary of Results: The impact tests made on 1 1/2 by 6. in.
cylinders covered a range in rates of straining from lCrO
in./in second to 0.8 iri./in per second, with the idwest rate
corresponding to static tests.- The average, static .strength
was 6570 psi. The dynamic specimens were tested in three
corise of tests designated as ees A, B, and C. The dura-
tion of impact in these three series were, respectively:
0.78, 0.0112, and 0.0025 seconds, with the corresponding
rates of straining being; respectively, 0.002,.. 0. 148 and
0.81 in../in per second.: Results show that the compressive
-strength of concrete increased only slightly for rates of

• straining up to about 0. 1 in/in itur second., Further increase
in the rate of straining to 0.8 in/in/sec (Test C) was
accompanied by an increase in the compressive strength of*
48%,as compared with the static strength of 1 1/2 by 6 in.
specimens. The dynamic secant rhiodulus of elasticity, how-,
ever, increased roughly to the same extent over the static
value for all rates of straining; the ratios of the dynamic
to static moduli were 1.18, 1.25 and 1.21 for series A, B
and C espectively. Test A gave dynamic strength of,,9.5%
greater than the static strength of 6570 psi, while Test D
gave same dynamic increase in strength (9.0%). The static
E was about 4.11 x 10F A later series of tests (F) made on
3 by 6. in.-cylinders gave the following results: Dynauic
strength 45% greater than static strength, dynamic E about
16%.greater than the static (seceant) E. The rate of strain-
ing in test. F was considerably greater than for the tests A,
B and C.

Bb43. 'Nutting, P.G.
"General Stress-Strain-Time Formula, "y- Tranklin Inst. T.'
v. 235 n. 5. pp. 513-24, May 1943.

"Detailed discussion of 1neral law of defomation
advanced by author, ihici .is relation between stress,
strain, time and constant (a) representing ease of
yielding to stress or deformability; formula developed
covers whole range from elastic solids to viscous
liquids Pad has. found favor in research on paints,-
plasties, asphalts, and food produts." Bibliography.

' ' -
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Bb42° Evans, RoH.
"Effect of Rate of Loading on Mechanical Properties of
Some Materiels," Instno Civ. Engrsa. . -v. 18 n. 7 and 0,
June 1942, pp. 296-306. and Oct,, pp, .63-7o

Study of effect of rate of loading upon crushingstrength
of rich and lean mixes of concrete, and yield point,
ultimate or tensile strength % elongation, and reduction
of area of mild steel.

Bb41. Obert, Lw,% and Duvall,. W.I.
,"Discussion of Dynamic Methods of Testing Concrete with
Suggestionu for Standardization, " Am. Boo. Test. Mat. Proc.
41:1053-1071 1941.

"To assist in standardizing the dynamic methods of testing
concrete, the ur,,erlying theory, apparatus, effects-of
moisture, and size of specimen have been studied and the

findings presented herein,"

Bb36. - Jones, P.c., and Riahart,'', FoE,
"The Effect of Testing Speed on Strength: and Elastic
Properties of Concrete," Am Soco Test.Mat.Proc. 36pt,2:
380-392, 1936.

Description of tests run on 6,by 12 in. cylinders.
Test results: stress,-strain curves, relation between
strength and rate of loading, creep of conoret, ,during
test, secant and tangent moduli.

Bb35.. Preston, F.Wo
"Time Factor in the Testing of Glassware," (Observations
by G. A. McKee), J.Am. Ceramic Soo. 18:220 1935..•

'I/
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Ba. DYNAMIC TEST CHARACTERISTICS --- UNREIN'FORCED
MASONRY STRUCTURAL ELEMENTS

See also: Ac38 Whittemore, Ac3 Parsons

31



Bd.' DYNfAMIC TEST PROPERTIES---REINFOCED CONCRETE
STRUCTURAL ELEMENTS.

See also:, Dc35 Glanville, Dc32 Fox

Bd,50. Ofiord, Wells, and Others
,Behavior of Structural. Elements Under Impulsive Loads,"
a report submitted by MIT to New Enagland Div., Corps of
Engra., Dept. of' the Army, in completion-of' contract no.-
W-19-016-engr. -3235.. 196Pp. April lq! O.

"This report presents a description of' the txporimontal
techniques, the results, and the conclusions. from a
series of laboratory inve'dtigations on the behavior
of reinforced concrete beams and one way slabs and all
steel beams subject~ed to static or impulsive loads, "d~
the pr~liminary study of' the behavior of' pliin ana
reinforced concrete shear-walls under the action of

u static loads.!'

Bd,51O. Penzien', Joleph, ad Ofjord, A.
"Resistance of' Impulsively Loaded Reinforced Concrete
Beams,"' Informal Interim Report #2,"MIT to New England

DistictCorps of Engrs.,; Contract V-l9-Ol6,-ergr. -3215.

Bd49. 11Hansen, R. X. i and Wilbur, J. B.
"Behavior of Reinforced Concrete Structural Elements-

,Under Long Duration Impulsive Loads," report submitted
to New England Div., Corps of' Engrs.i 1949.

Part 1, Sutnuary Report: Outline of' In'~.tigation;
objectives f'br different phases of program.
Part II.: "Behavior within the Elastic Range": The
principal conclusion reached from the study of' beams
loaded statically and impulsively in the elastic range
of behavior is that the elastic dynamic theory is applic-
able for predicting the elastic behavior of structural
'elements subjected to impulsive loading conditions.
Part III.: "Behavior within t 'he Plastic Range!- Among
the number of conc~lusiois drawn from the investigations
are the following: Within the plastic range, simple
beams are stronger when subjected to impulsive loads than
they are under static loads of' equal magnitv'de,-The
upper limit of the plastic range is reached when the
permanent central deflection is approx. equal to 1/32
of the span length of the beam. --- Over-reinforced beams
appear to have no plastic range; they fail suddenly and
completoly---Fbr a certain range of' dynamic rate of
straining, the stress-strain curve overthe first 3%
strain, is raised approx, 40% over the static values.;.-
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If the duration of the load is greater than a time
approx. equal to the fundamental period of vibration
of-the beam, the effect of increasing the. duration
of the load-is negligible on .causing additional .damage

to the beam.
Part IV: "Design, Construction and Operation of Slab~~Machine". (An insufficient number of tests have been ..

MI* esrun sothfar to permit the drawing of any general conclu-
sins regarding the behavior of slabs under impulsive
loads. These results should be forthcoming in the next
few months.,) ,

Hansen, R. J.
"Controlled Impulsive-Load Testing Machine," Exp. Stress
Anal. Soc. Proc. v. 6 a. 2 pp.64-67, 1948.

Bd4a, H ansen, R.J.

"Long Duration Impulsive Loading of Simple Beams," Bost.
Soo. Civ, Engre. T. v. 35, n. 3 pp. 272-285, July" 1948.

Bd48.-, Hansen, R.oJ., Penzien, T.,i Steyn, K. i and Wilbur, T. B.o
"Behavior of Reinforced Concrete Beams Under Long Dura-

tion Impulsive Loads," report submittea'to EngroResearch and Development Lats.,-, Fort Belveir, Va.

Presents the res) ts of lab investigation of 142 reinf.-

coone. beams made to determine their structural behavior under

the aotion'of impulsive lQads. Describes rapid load machineII nd test procedures and results.- "The priiary purpose of

the investigation undertaken by the MIT has been to deter-
--mine the permissible design stresses 4or use in the design
of structures to resist blast waves of about 0.5 seconds
duration.--"

Bd45. Sims, L.'G.
"Actual and Estimated Impact Resistance of Some Rein-
forced Concrete Units Failing in Bending," Inst.Civ."
Eangre. T. n.,4 v.23 pp.163-179,, Feb. 1945..

Te sts to destruction of slabs and of simple beams de-

signed to fail in bending. Tests on mild steel rein-
forcement. Impact tests performed by means of a falling
mass. Tests show the limits of deformation in bending

..of some simple .r.einf. cone. .beams-anad slabs occurring
after the steel had yielded or after the cone. h~d
crushed. The form of damage was roughly the same under
either static loading or impucts- The damage due to im-
pact was reasonably predicted from considerations of
energy absorbed under static, loading, used in conjunction
with a simple energy equation, in which a reduction fac-
tor had been derived from considerations of an elastic
material.



Bd44. Munse, W.HW, and Richart, F.E.
"Impact Tests of Reinforced: Concrete Beams, III,"
NDRC Re port no. A-304 (OSRD no. 4490) 1944.

Effects of size of bearing plateand rpetition of load-
ing, span length.: The change in static characteristics

of a beam due to impact loading was found to be a good
measure of the damage; beams weaker n, repeated impact
loading than in a single impact loading strength of
concrete not an important factor in beame with ada-
quate web reinforcement.

Bd44. Wilbur, 3. B.
"Permissible Stresses for Use in Design Based on Elastic-
Analysis of Reinforced Concrete Beams Acted upon by
Impulsive Loads," Informal Progress Report No.23, Engr.
Studies of Principles of Design of Pbrtifications and

Other Structures. (MIT) 1944.

Bd44. Wilbur, 3 B.
."Revised Procedure for Designing Roof Slabs to Resist
Bombing," MIT Informal Progress Report No." 24, 1944.

Bd43. Kluge, R. W.
"Impact Resistance of Reinforced Concrete Slabs,"
Am. Conc. Inst. J. 14:,397-412 0ril 1943.

A report of the tests conducted at the Bur. Stand for
the Maritime Comm. The primary purpose of the tests
was to compare the behavior under impact load, of slabs
with and without supplementary reinforcement in the.
form of overlapping spirals. Describes apparatus and

test , deflection curves. l6pp.

Bd43. New, ark, N.M., and Richart, F. E. -
"Impact Tests of Reinforced Concrete Beams, Il,"

',' NIRC Report No.A-213 (OSRD No.' 1751).

Description, results, and conclusions o tests made on
the effects..of web reinforcement,, longitudinal steel,
strength of concrete and horizontal construction joints
under impaqt loading. Web reinforcement found more im-
portant than longitudinal steel in impact---grade and
amount of steel unimportant. Conc.. strengths unimportant
except under great impacts. Construction joints or
seabbing planes unimportant."

Bd43. Wilbur, John B.
( 1. "The Analysis of 19lastic Structures Acted upon by

• . Impulsive Loadings," NDRC Report No. A-219, OSRD No 1915.

'2 Analysis of beams, one-way slabs, continuous beams, two-

K N'y
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way slabs; general theory of the effect of impulsive

loadings as applied to flexural members; quantitative
treatment; bibliog.taphyo

Bd42. Robertson, H.Po i and Slutz, "R. T5
"The Reactions of Thin Beams and Slabs to Impact Loads,
Part"I, General Theory; Part II, Beams," National Re-
search Council, Comm. on Passive Protection against
Bombing, Interim Report Nos' 13"and 14.

Bd42 Richart, F.E., and Newmark, N..M, .
f"Impact Tests of Reinforced Concrete Beams," NDRC ReportNo o0A-125. (osR No.o 1105) . -

Description of testing equipment used for-static an im-
pact load tests on beams; intermediate and high grade
steel as effective as structural grade steel in c~ncrete
subject to impact.' For low, velocity impacts and low
energy, beams act as if stktically loaded' For low veloc-
ity, 'high energy less difference between steel types. For
high velocity, diagonal tension failure.
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Bf. DYNAMIC TEST PROPERTIES --- METALS

Bf 50-- Hansen, R. J., and Others

"Behavior of Structural Elements under Impulsive Load)"

Part IU. Nov. 1950.>

Bf5O. / IHomes, G., and Gouzoi.4," J.
"Ont the Mechanism obf 'Metallic Fracture,-"' (From. "Revue
do' Mtllurgi.,ff v- 4,"- 8, S~t. 19 6 00-678-64.x). Review
in Ragr's Digest v.XI1, ri. 2, pp. 40-44, Feb. 195.1.

"The present article describes preliminary, purely'ex-
perimental, investigations into the mechanism of
frature in simple tension of small standard flat test
specimens of zinc and mild,,steel. ".

Mfg.- Buoklin, Grant
"The Extrapolation of Short Time Stress Rupture Data,"
Navy Bur. Ships RM3%-49 Oct.1949.-

Mg., Kramer, 3.1., and Lunney,
"Dynamic Measurements laring Aircraft Landings,,Soc.
Exp. _Stress Anl.Proc.v.?, n.1, pp.83-202, 1949.

Dynamic loads during landing impact.-Acceleration.,
~Y landing gear 1oads, rate of descent, tire and strut

deflection.-Six widely different aircraft types.

Mfg., Shanley, IF..
"Analysia of Stres...Strain-Time Relations from the
Engineering Viewpoint"m(Preprint of paper to be pre-
isueted at the second Symposium on Plasticity, Brown
tUniv.i April4-6,.1949).;

"Stress-St rain ~diagrams' for.,various loading hi stories
are developed by a step-by-step process in which elas-
tic action Is assumed to be'instaitaneous and revers-
ible, while plastic action is assumed to occur at
constant stress, as a function of stress, time,,and
the extent of plastic straining."

Bf48.' Clark and Wood
"The Influence of Rapid Load and Time at Load on the
Tensile Properties of Several Alloys," CIT report to
AAF Air Material Command,. COntract W33-Oa38-ac-l4l02 (l.77)
June ZO0,1948.
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IBf48. Clark, D. S.,i and Duwe z, P.RE.

"Discussion of the Forces Acting in Tension Impact Tests
of M.prials,"l J. App. Mech. v. 15, n.3, pp. 243-24(7, Sept. 3948

"A method of measuring the forces acting on a specimen dur-
ing a tersion impact test is described briefly in this

paper." Part of conclusions: -"The principles of the

tion of 'h^ roe mesurementsobtained withadymoer

diagrams. Bibl iography.

IBM8. Thornton, D.L.
'Impact Loading of Structures," Engr. v. 165,n. 4292,
pp.4O944l, April 30, l948))

Applications occur in guins, ships and fortifications sub-
ject to 6ffoots of explosion or impact, in dams and other

*structures in seismic' regions, and in'development of metals
for forming; two formulas given with which in rapid loading
of structural system of given type, measure of damage or
intensity is bept expresse~d; these formulas are mutually
consistent; (1) implies knowledge of amplitude, while (a)
implies knowledge of time involved in action.'

Bf48. White, M.P.
"The Dynamic Stress-Strain Relation of a Metal with a Well-
def ined Yield Point," 7th Imt. -Concr. Appl. 'Mach. Proo.pt.lI
pp. 329-343, 1948.

Bf47.' Sachop-G. ly Zm'"'. C4. Porn, .T.., "and Others
.11Fracturing of Metals," '311pp. Published by Am. Soo. for
Metals, Cleveland, Ohio, 1947.

A seminar on the fracturing of metals.' Following gives
titles of typical subjects treated: "The Micro-Mechanism
of Fracture," "The Effect of Stress State on the Fracture
Str~ength of Metals," "Effect of Strain on Fracture."
Includes 14 other similar articles.' Bibliographie.

Bf47.' ! ~eler, Paul1 R,.,
"Explosive Impact Tests,"'-Soo. for Exiffteas Aaal.prpo. '*

v.V,n.l,pp.lv-2E ,l947.'

"The research that will be presented in this papt,.r is
concerned with the comparison of materials under high
speed tensile impact with statii tensile conditions."
One of conclusions is that for all the materials tested,
strength increased with the strain rate., Important tests,
gives curvest shows equipment used. Extensive bibliography,
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Bf46. Windenburg D. F.
"Significance of Impaot-Test Dat.,_ ''iDesign of Engineering
Structures, a" Product. Engr., 17:81-3 Sept. 1946.

'Charpy impact test curve (impact'energy vs temperature) .
Discussion of~ ductility of metals and the effect of temp.
on impact'sensitIvity, transition temps of metals, tests
at low temp. Conclusion: materials used under tensile
loading, especially at low temp .i should be given impact
test.,

Bf44. Bridgan, P.W.-
"IPleoV la Properties of Steel Under Large Strains and High
Stresses, Final Report," NDRC Report No.k-294, 03RD 4256.
Oct.1944.

Bf43. Dohrenwead, d.0., e nd Mehaf fey, W. R.-l4
"Dynamic Loading in Design," Machb. Design-l:910,

J _V Contains good bibliography.

Bf43. Seitzi Frederick
'Ie Testing of Metals in Compression-at High Rates of
St'rai n," 11 RC Nio. A-1174 03RD 1388.

Bi42. Seitz,, Frederick, Jr.- Lawson, Andrew WE, and K4,iller,.- Park
"The Plastia Properties of Metals at High Rates of
Strain," 03RD 49; , April 6,1942.

Mg3. - Murphy, Glenn
"Strass-Strain-Time Characteristics of'Materials,"
'Am. Boc. Test. gat. Bull. No. WLlt pp. 19-22,., Dec. 1939.
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Ca., BLAST L0ADIING----PROPAGATION AND DECAYOF BLAST WAVES

Ca5i. Makino
ttThe K-13 Theory of the Propagation of Spherical Shook

* Waves and its Comparison with Experiment," BBL-750,

Ca5O.- .Davies, R.M., and Taylor,, G.LagBube*nChnefm

Very.Light to.Heavy Fluid is Discontinuous," Royal Soc.-
Proc. Series A v. 200,n..375 , 195.0.

CaOO. Edmonson
'Normal Coupling Coxaditins Between Detonation Waves in
High Explosives and Shook Waves," File no1. APL-BBW-1.92,
June 1950.*

Ca5O, - "The Effects of Atomic Weapons," U.S.Dept. of Defense
and ABC.

"Purpose of book Ais to poresent, as accurately as is pos-
sible in the light of present knowledge, a technical
summary of the results to be expected from the detona-
tion of atomic weapons."
Gives analytical treatment of air, ground and undarground
and underwater atamie bomb Ux~rats; shows -pictures of de-
struction ih Japan, Bikini; reats ra4ioaotiv4 effects,
effects on personnel, protective measures.-

Ca.5O. Pike
'Weans of Detonation," Nature 165:214, 1950.

Ca5.4 von Neumann and Richtmyer 1
"A Method for the numerical Calculation of Hydrodynamnic
Shocks," J. -Appl. Physics 21:232, 2950.

CaOO. Payman, W., Shepherd, W. ..
"Explosions and Shock Waves," Ministry of Supply Advisory
Council .73! Phys/Ex 98 -(2-12-.57)-l 1941.
Winckler "Von Voorhis Panocky Landonburg HDEC Der'2
OSED 'No - 5W04 1945..

Ca6O. - Taylor, Geoffrey
"The Formation of Blast Wave by a Very Intense Exp~losion,"
Royal Soc. Proc. v. 20-1, n6 1065, pp. 15.8-174, Mar. 1950.

Ca5O.. Taylor, Geoffrey
"The Formatibn of a Blast Wave by a Very Intense Explosion,
II-'--The 41omic Explosion of 1945 In New Mexico," Royal

Soc.-Proc. v.291, n. 1085, pp. 175-180, Mar. 1950.
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C650. "Westervelt, Peter J.
"The Mean Pressure and Velocity in a Plaene Acoustic
Wave in ar Gas," J. Acoust, .Soo.America V.22,1950.-

0a49.- Bond, T.W.
"Scaling of Peak Overpressure in a ion-uniform Atmosphere,"
(c-En) SC 1949.

Ca49. Cowan, G.R, and Hornig, D. F.
"The Thickness-of a Shook Front In a Gas," Phys. Rev. v. 75,
n. 8 p. 1294, Apr. 15, 1949.

Ca.49. Doring, W., and Burkhardt, G.
"Contributions to t~ae Theory of Detonation," File Nos,'
ATI-77863, AEC-51-3-1988 May 1949.

Ca49. Byring, Powell, Duffey and Parlin

Ca~g."The Stability of Detonation," Chem.Rev.45:89 1949.-

C9. He'ssa R. V.
"Study of Unsteady Flow Disturbances of Large and Small
Amplitudes Moving Through Supersonic or Subsonic Steady
Flows, " NTACA TN 1878 May 1949.

Ca49. Hubeqr, P.W., Fitton, C.E., and Delpino,?,.
"Experimnhtal Investigation of Moving Pressure Disturbances
end Shook Waves and Correlation with One-Dimensionil Un-
steady flow Theory,"1 NACA TVf 1903 July 1949.

Ca49. -Pillow, A. F.
"The Formation and Growth of Shook Waves in the One
Dimensional Motion of a Gas," Cambridge-Philos.Soo.Proc.
Y.45 1949.

Ca48. Cassen, B., and-Stanton, J.-
"The Decay of Shook Waves," J.-App.Physios v.19, n. 9,
pp. 803-807 Sept. 1948.

Ca48. Cole, R. H.
"Underwater Explosions," Princeton Univ.Press,.
437pp. 194.,

* Study of scaling laws.-

Ca48. Courant, Ri~ and Friedrichs, K.O.
"Supersonic Flw'and Shook Waves,"! 464pp., Intersclenoe
Publishers, N.Y. 1948.

C448. Herpin
1 i"Kinetic Theory of a Shook Wave," Rev. Soi. Laris 86.-35. 1948.,
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Ca48. Stoner az)d Bleakney
"iAttenuation of Spherical Shook Waves: in Air," J. Appl. Ph.
19: 670, 1948.

Ca47. Brinkley and Kirkwosod
"Theory of the Propagation of Shook Waves from-Infinite
Cylinders of Explosive," Phys.Rev. 72:1109,1947.'

Ca47. Brinkley and Kirkcwood
"Theory of the Propagation of Shock.Waves," Phys.Rev. 71:
606t 1947.

C647. Brinkley and Kirkwood
"Theory of -the Propagation of Shook Waves from Cylindrical
Charge.," Phys.Rev. 72:119, 1947.

Ca47. Courent
"Formation and Decay of-Shock Waves," File No. XLIMM -- 15
May 1947.

C4,47. Courant
"Decay Shooks," File No. IMU-NYU-167 Oct. 1947.

Ca47. Horpin
"The Physics of Shock Wave.s I," Rev. Sci. Paris 8B8:817,1947.

Ca47., Liepmann and Puckett
"Aerodynamics of a Compressible FI~uid," Wiley, 1947.,

Ca47- Martin,-Monroe H. L
"A Problem in the Propagation of Shock," App.Math. Quarterly,
v; IV p. 370, Jan. 1947.

Ca47.- Yung-Huai IKuo
"The, Propagation of a Spherical Cylindrical Wave of Finite
-Amplitude and ~the Production of Shook Waves," App.Math.,
Quarterly,7.IV, p..349, Jan.1947.

C&46. Dwnond, Cohen, Panofsky'. and Deeds
"Determination of the "Wave Forms and Laws of Propagation
and Dissipation of Ballistic Shook Waest," Acous.Soc.Am.Ji.
18:97, 1946.

C646. Grime and Sheard
"An Experimental Study of the Blast from Bombs and Bare
Charges,"l Roy.Soo.Proc. A187:35.7, 1946.

COLO. Jost, W..

"Explosion and Combustion Processles in, Gases," p. 168I McGraw Hill, 1946.*
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Ca46- Sachs, R. C.

"Some"Properties ofiV ry Intense Shock..Waves," Phys.
Rev., 60:514, 1946.

Ca46., Taylor, G.I. I

"The Air Wave Surrounding an Expanding Sphere,"~ Roy. Soo.
Proc. Ser.A, v.1.86.n.;008, pp.273-292, Sept.1946.

Ca45.- Beth., H.Aij end Teller, E.
"Deviations from Thermal Equilibrium in Shock Waves,"
BEL Re6p.X-117, Aberdeen, Mid., 194B.

Ca45.. Brinkley and Kirkwood
"The Blast Wave in Air Produced by Line Charges,".
OSBD-5859 Oct. l94.

C445. Brinkley and Kirkwood"~
"Tables and Graphs of the Theoretical, Peak Pressures,

'IEnergies, and Positive Impulses of Blast Waves in Air,"7
OSRD-5137, May 1945.

Ca45. do Hailer, P.
"On "a" Graphical Method of Cae Dynamics," Teemn, Sohe
Rundschas Sm I er, s. -1, ~.6, 1945.'- R. T. P. Trans. iffs. a#g

C a45.. Kiikwood and Brinkley
"Theoretioal Blast Wave Curves foi6 Cst 1
OSM-W4l, AUg. 1945.

*Ca4l . Kirkwood and Brinkley'
"VTheory, of the Propagation of Shook Waves, fromExosv
Sources in Air and Water," OSRD-4814, Mar. J945.-

Ca45B. Stettbacher, A.
"Gae and, Dust Explosions," Arch. Agnew Wiss. Tooh. 11:,325, 1945.

"'Ca4eS. Stoner
"The Pressure Distance Relation for TNT determined by
Measurement of Shock Velocity," OSRD-663'?, Mar-. 145 .

Ca"4. Sachs
j"Ambient Pressure and Temperature," BRL-466, Aberdeen,
May 1944 (Ballistics Research Lab.)

0.44. Thomas
"Note in Booker's Theory of the Shock Front," (Them. Phy
J. 12 -449, 1944.

Ca43-- Chaudrasekhar, S.
"On the Decay of Plane Shook Waves," File No. BRL-423,
Nov. 1943.



37

Ca43.- Von Nbumann, T. -
"Progress Report on Theory of~ Shook Waves," 03RD Rpt.-
1140, 194-3.'

Ca43. "Sbadowgraph Determination-of Shook-Wave Strength," BuOrd
ftplouives Research Rpt.-fn41 Navy Dept. .,Bu..Ord.,
Washington, D.C.25., O!ct.,1943.

0a41.- Pfriem, H.-
"The Two Dimensional, Undemped..Pressure, Wave of Large
Amplitude," P1orsc~psn, v'. ia n. i, P. 51i jan-Feb 1941.
RTP Trans. 2232.

UC20. Becker,R.
<,"Shook Waves and Detonation,"l Ph.8;321, 1921.1

{In German)'.

Ce22. &bokor, R.
41"hysical Characteristics of Solid and Gaseoul Explosives,"
Zeits f teOChts Physih V. 3, 0. .1  1944 (In -German)

Ua22. Love, NE.H., and Pidduok, F.B.
"On Lagrang.'u Ballistic Problem," Phil.'rans.RoV. Soc.
London Ber.A,v.222:16?, Mar.1922.

"On. the Disoontinuitieo Produced by the Sudden.Release of
Comp ressed Gast" (In French) Comotos Retsdus saW; iaa6, i899..
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"The Diffraction of Shook Waves Around Obstacles and the
Transient Loading of Structures," Tech. Rpt.II-3,
'Princeton Univ. Dept.,,of Phys. - ar. 16,l95.09

CO5O. Bleakney, White, and Griffith
"Measurements of Diffraction of Shock Waves mud Resulting
Loading of Structures," J. App.Mvoh.p. 439i Dec. 1950.

Ob5O. Duff and Hollyer
"The Effect of Wall Boundary Layer on the Diffraction of
Shock Waves Around Cylindrical and Rectangular Obstacles,"
Pile No., UM-R-50-2, June 21, 1950.

Cb5O. Dbuff and Rollyer
"The Diffraction of'Shock Wa~es Through Obtacles with
Norious Openings in their Front and Bak Surfaces,".'

Pile No. UM-50;-3, Dec. 7, 195.0.

Cb5)., Fletcher, Weimer and Blealcney
"Pressure Behind a Shock Wake Diffracted through a Small
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*1.CbSO. Lighthill, M.J..
"The Diffraction of Blast 11.I,' Roy.Soo. London Series I
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Cb5O-. - Uhlenbeck,
"Diffraction of Shock Waves Around Various Obstaoles,"
UM-Q-i. -(Univ. -of' Idich.)

MbO. Weiss, S.?.., and Hamrick, L.A.
"A Catalog of OSED-Reports--Division 2---?.ffect of Impact
and- Exlosion," Lib. -of Congress Nhv. Research Sec., Jan. 1950.
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"The Diffraction a Shock Waves Around Obstacles and the
Resulting Transient Loading of Structures," 'i-ch.lipt.II-6.
Princeton Univ. 'Dept.-of Phys.- 1950.-I
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"An ExperimentalStudy of the Interaction of Shock Waves,"
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CbSO. "The Effects of "Atomic Weapons," U.S.: Dept. o f Defense
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Cb49. Bleakney,,Ak, d abA.
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"Underwater Explosions," Princeton Univ.'Press, 437 1l948.:
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Shocks in Air," (Final Report) 0SRD Rpt. n. 6271, 1945.

Cb45. Read, W.T.
"Theory, Calibration and Use of Diaphragn Blast Meters,"
S A-392, 0SRD 6463 Dec. '1945.
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-Da.1 ELASTIC STRUCTURAL DYNAMICS --- GENERAL
THEORY AND METHODS

D a5.. .Alford, SJ.L. j Houener, G. W. and Martel, R. R.
"Spectrum Analyses of Strong Motion Earthquakes,"
Earthquake Research .Lab., Calif. Inst. of Teoh., Pasadena,

Spectrum is plot of respon~e of simple oscillator vs
period of osoillator. 58 spectra computed by electric-
analog under OINR contract.' Damping found very im-

porantin verllproblem, relatively-small amounts
redce trucurl response sap.: he damping in-

cludedi1 spectra are consistent with hypothesis of die-
tribtlonabout a mean value.- Concept of "dominant

"ground period" isf nt valld for ppou o sesi
structural design.- Proposed that mea,!1 value of dainpod
spectrum be used as a-quantitative measure of earth-
quake intensity,,

Da~l. Allen, D. %.de G., iand Severn, R. T."1The pplication of Relaxation Methods to the Solution
*of Non-lliptio Partial DiffeZrentialEquaions,"' J.-

Mach. and applied Math', v. IV Pt. - , l95.,4 (Separate)

//~lstrtedmethod of converting problems where end
conditions are all stated at one end of the range of
integration to one where end conditions to be imposed
are equal at both ends.

Da5.. Dangler, M.A., and Goland, M.
"Transverse Impact of Long Beams, Including Rotatory
In' .a and Shear Effects,"1 Tech., I t. -Engr'.Meah. Div.,
Mi dwc'tResearch Ibst.,i Kansas City, Mo. 195.

To clarify the stress propagation phenomena in impacted
beams, closed eoluftioiis are deduced-for the stresses
induced in a long beam of uniform secotion by the action
of an impulsive, concentras ed transverse load. Rotatory
inertia and 'shear are accotunted for in the differential
equation. For the special case when the Young's modulus
and the effective transverse shearing modulus of-.the
beam are equal, the results take on a- simpler form and
numerical 'evaludtion of the stresses is readily accom-
plished.- When this equality of properties does not hold,
A umericalevaluation of the solutions is difficult and
methods will have to bo developed to permit this.-

Da~l. Ma~rcus, Henri
"Introduction to Theory of Dynamic Behavior of Structures,"
Dtv.of Civ. Engr.9Univ. of Calif. ,Berkeley, l95.. 200pp.
mimeographed.-

IAL



45

Da~l., Siddall, T.W., ibakson, G., and Bisplinghoff, ,,,R.L.;
"Approximate Analytical Methods for Detdljiining Natural1
Modes and Frequencies of Vibration," MITk ASR Rpt.' no. 78P33-5i-i

.1'.~K4 and Goodman, L. E.
~1Prismatic Bars Including Rotatory Inertia

) actions," Tech.Rpt. to the Office of Neval
1 E.: Dept. Univ., of Ill.~ 23pp. -April 15.,1951.

tzries S., Anderson, B. G. ,;and Salvadori, M.G.
lurpreensveNumeioal Method for the Analysis Of'

Earthquake Resistant Structures," JT.Am.Conc.Ihst.,
Sept. 1951, pp. 5-25.

Step-by-atop method. for'analysis -of' eartih, ke stresea,'
in rimid frame buildisigs develogr6d from authors' eipar-
jence with blast problems in structures.- Method can be
extended to case of plastic strains. Examples of five
story bullding subjected to various base displacements.
Damping and ground rocking considered.- Rigorous solu-
ti.X~ feasible for five or less stories; step-by-stepithere-
after. Step-by-step method preferable when plastic hinges
considered. floak calculator or IBM techniques-suitable.
Errors of calculation less8 than with previously developed
procedures by Timoshenko, Newmark.-

Dm5.1. Zliias, George A.
"Dynamic Buckling of Thin Simply, Suppo1'ted.Plates in the
Elastic Region," Univ. of Calif., Los Angeles Research
Report, 96pp. -May 1951.

Dynamic effects negligible for load 'ing times greater than
a few mul ~iples of fundamental period of.plate, but they

.are an es oential feature of the phenomenon for times of
loading of the order qf the fundamental period or smaller.-
For sufficiently small intervals of loading, the critical
buckling load may be exceeded without danger, while for

....loads under the critial, the displacement-may be up to
twice as high as the static analysis would predict.

D&50 (?), Duiwezi P. E.,- Clark, D. S., and, Bobnenblust, H.PF.
"The Behavior of Long Beams t#nder Impact Loading," J.-
Applied Mech. paper no.49-84-il (Unpublished as of March 3,
195.0.)

DI50 Isalceon, G., and.,Bisplinghoff, R.L.-
"Report on a Survey of Analytical Methods for Determining

.. Transient Stresses in Elastic Structures," MIT Aerol-E~astic
.and Structure s Research'Rpt.-No. 7833-50-3-3, 64pp. 1950.
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4 6

"Frm~a 't. tegrals CotiigCharacteristic Functions
of a V~b tea,' Crcuarig. 1n Br& of DngrResearch

Univ of-If; a. 5 p.1950.

"M~ethiods of Analysis for Structures Sbetdt yai
Loading, "1Univ. ,f Ill;. reporlt to Air Force Vulnerability

/ Branch of Air Targets Div., f I:' of Ihtell~igenoe,
Washington, D, C.' .Dec. 10, 19510.

Contents: The procedures of analysis are applicable to
",,,loadings caused bywind, earthquake, or impat, as well as
blast.- The pkino~pal type of approximate method conei~ered

" is fe method'based on the Assumption of a shape' or mode of
""' defor_,t ion, in effect redu &ig the z=ber of degrees of

)ij~~ ' reedom of the: structure "to 6h.A general method and
jj/several" approximat* methods are givenwhich are especially.

I' applcable t u~ru'tu'e whch ar6.streised to the point
of failure and thereforem which are'loade 6onsiderably
beyond their range. of "elas tic beb~kvior. % FIzriy good re-
suits are 4givei .' for the imi~Alg dio'dition6, at' 6 nAear ial-
ure of tba,struoturs.

DaC). "A Selected Bibliogra.'! on Vfibr'ations -in Str1.ptures, Dept.
o,,Science and Ihdust , ial Research,. Bldg. ,RI~a. Sts. -(EngladO
Tibrary*Bibliography No.15,2, l2pp.,

%General theory,"mathematical treatment, etc. Machinery viL- N'

'bration. Blasting and pile driving! Rload and rail vehile.'""
Structures, ground, and foundation design.' Human sensitivity.-
Itstripnents. -Seismology and geophysics. -Misc. 135. items.

Da5O. Penzien, Tioseph, and Willifms, Harry"A.
"A Discussion of the Z~namiq Analysis of a Frame Subjecte'd
to an Impulsive Load," MIT report to New Elngland Division
Corps of Engineers, Contr.DA-19-016-eng-239, Aug.1950.

Gives detailed results of studies concerning aalysis or
design of frame4'uilding loaded by atomic bomb bladit.'
Various methods explored, errors due to simplified 'approaches.,
found.' For best results in analyzing a final design, the

*general step-by-step pr ocedure, assuming linear variation
of acceleration is recon~l led. 'h ipiidse-yse
method which assumes in' niiely rigid girders is recoin-

build-uxp for the structure and loading conditions assumed,,
for tiinetgtowa aideogtowarrant an increase

ina' rate ofel stress steel.

"Inestgaton f Srucur~ Dapin inSimple Built-up
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DaS0. Pian, T.H.H., Siddall, J.N., and Bisplinghoff, R.L.

k "Dynamic Buckling of Slender Struts, ", MIT ASR Rpt.
No. 7833-50-5 May 2, 1950. 68ppo', :

Da5O. Pian:'i T.H.H., Mar, J.W., and Bisplinghoff, R.L.
"An Experimental Study of the Behavior of Beams under
Dynamicaliy Applied Bending Moments," MIT ASR Rpt.'
No. 7833-50l10, 28pp. Oct. 24, 1950. 11

Da49. Evaldson, R. L., Ayre,',R..S., and Jacobsen, L. S.",,
. "Response of cnElastically Non-Linear System to

Transient" Disturbances," Franklin Inst.T. v. 248 .i 6.
pp. 473-494, Dec. 1949.

' The problem relates to an undamped, elastically non-
linear, single-.egree-of-freedom lumped system subjected
to three forms of ground motion pulses (rectangular,
cosine, and "skewo" cosine); each 'form consists of a

. single pulse, the duration of which has been varied
over a wide range."

Da49, Fot.ipeo, G. , ahd Zartarian, G.
"'Flutter Analysis of a Wing with Concentrated Masses by
Means of Station Functions (Phase 4)," ' • MIT ASR Rpt.
No.' 8790-49-4-15, 1949.

Da49. Frankland, J.M.

"Effects of Impact on Single Elaatic"StructureB "',, SoO.
Exp. Stress Anal. Proc.; vVl n.2, 1949.

Definitfons of terms used in study of impact loedipg---
discussion of different cases---witli comparison of
theoretical and actual cases. •

Da49. Hudson, G.E.
"A Method of Estimating Equivalent Static Loads in
Simple Elastic Structures," , Soc. Exp'.St'eqs Anal.Proc.
v.VI, n.2, 1949.

I ) " Da49g. Isakson, G., B'isplinghoff, Pian, Flomenhoff, tnd O'Br:ien
. "An Investigation of Stresses in Aircraft St ructures

Under Dynamic Loading, " MIT ASR Rpt.. No. 8790-49-8-24,1949.

Da49. Jacobsen, L.S.'
"Transverse'Vibration of One and of Two Span Beams under
the Action of a Moving Mass Load," Stanford Univ.Tech.
Rpt. No.7, Oct. 1949.'

Da49, Pian, TH., and O'Brien, T.F.
"Further Developments in Methods'of Transient Stress
Analysis During Landing," MIT ASE Rpt. No. 8790-49-7-1, 1949.

Da49. Pian, T.H.H., Siddall, J.N., and Bisplinghoff, R.L. m
..

"The Predict4ion of Stresses in a Structure undcr an
Arbitrary Dynamic Loading," MIT ASR Rpt. No.7833-49-7-15
.31pp. July ;-49.'

r[ ,2
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-D&49. St. Rydlewski,
""Natural Vibrations in a Truss with Rigid Toini s," (in
French). Arch. Mech. Stos.2, 99-119, 1949.

Frequency' equations obtained for rigid joint trusses.
j\"Good for short spans Where Poihausen' s method falls.

S"Chy _ he Impact Feh I or, of a Material with a Yield Point,"
v., 16'a.l1. p." 39, March 1949.

"Young,.]sia and Felgar, R.P.4 Jr.
:"A "Teables of Charateristic Functions Representing Normal

Modes of Vibration of a Deam,"'Univ. of Texas IPubNo.40.13,
' ~ jly~l 1 1949, clmpd-reclmpd

Clamped-clampe~d, free-free, capdfecapd

supported,. and free-supported beams.

Da48. Odin, Sven T. A.'
"Differential Equation for Calculatibn of'Vibrations Pro-
&'iaed in Load-bearing, Structures by Moving Loads, "'- Int
Assoc.Br. and Structural Engr., 3rd Cong. pp. 669-680,
Sept. 48

Method applies characteristic functions, so that differ-
enieal equation holds good for- any arbitrary boundary
conditions end for several non-elastic Moving loads;
approximate solution.-

Dm48.- Rautoher, M., Zartarien, G.i, and'laley, S.M4., Tr.
"Comparison of Theoretical. Methods of..Caloulati~g
Vibration Modes and Flutter Speeds (Phase 1)," MIT

,AREpt . No. -87W -48-l1- 10, 1948.

Dm47. Cl1aflin, W.
"The Experimental Determination of the Dynamic"
Stru~ctural Response of an Airplane to Impact Load-r
ings,"' Soc., for Exp. Stress Anal. Proc. v. Vn.1

'pp., -Z-38, 1947.-

Des4 .gn and testing of a model,' dynamically similar to
an actual airplane. Nondimensional "amplification
factors", are determined.- Gives brief review of the
basi~c theory of dynamic response.

Dm47. - Pfeiffer, G.-
"On the Differential Equation for the Transverse.
Vibrations of a Beam," (In.German) Zongew hath. Mech.

V. 5/2? n.3, Junse 1947.

D446. Robertson, 3.34., and Yorgiadia, A.G.
"Internal Friction in Engineering Materials,"' 3. App
Mech. v.13 n,3, Sept. 1946.

74



Da46. Spotts, M.F..
"Impact Stress in Elas tic Bodies Calculated by the Energy
Method," Product Eng.17:200-4, Mar.1946,

For bare and beams; calculation of stresses diue to moving

Da4G. Wilbur, .B.
"Action of Impulsive Loads on Elastic Structures," Boston
Boo. C iv. -Engra. T. -v. 33 n.-3 pp. 163-73, July 1946.

D iscussidn of methods of analyzing Structure for bending
moments, sh1ear and direct stresses caused by. impulsive
loads (blast loads, impact loads and ground shock due to
bombing); investigation~s 'refer to elastic bodies with one('
or more degrees of freedom, i.e., bodies whose position
can be defined by means of one or more dimensions; plastic
instead of'elastio anal ysis indicated.

DaL45. Stowell, 'E. Z. i Schwartz, E.'B. i, and Houbolt, . C.
"Bendingland Shea Stresses Developed by the Instantaneous
Arrest of the Root of a Moving Cantilever Bean," Rpt.-

"INo.: 528 Nfatl. Adv. -Comm. -for Aeronautices 1945.

Theoretical and experimental invfestigation of behavior of a
Cantilever beam in transverse motibn 4hien its root 'is sud-
denly brought to rest. Equations for acceleration, deflections,
stressfes:1 test on small-tubd' cantilever. -

Da". - Biot, M.A., and bisplinghoff, R.L.
"'Dynamid Loads on Airplane Structures during Landing,"
App. -III. NACA ARR 41110 Oct. -1944.

D43.- Blot, M.A.
"Analytioal and Experimental Methods in Engineering
Seismology,"1 Trans, ASCE 108:365-408, 1943.

*Status Of the"8~u4' Many excellent discus
sions ,- References.-

Dii43. - Wilbur, bhn B.
"'The Analysis 9f Elastic Structures Acted upon by Impul-
sive Loadings," NDRC Rptw No.A-219 '(oSRD No. 1915) .1943..

*Develops concept...f dynamic load factor by means of which
one analyzes the dynamic behavior of beams and slabs,
tbhrough the use of characteristic shapes and loads. It is
shown that ~a dynamic load factor* curve can be developed for
each type of' impulsive loading. A factor can then be
applied re Iadily to the iipulsive load value to produce an
equivalent stat~c loading.- Slabs are analyzed approxi-
mately by reau'o;ing them to an equivalent beam grid.

AI



Da42. Pipes, L.A.
"The Operational Theory of Longitudinal Impact, " T>
App. Phys. "Aug. 1942.

Da42. Prescott, John
"Elastic Waves and Vibrations of Thin Rods," phil. Mag.
'V1. 33,, 7th Series 1942. .

Da42. Robertson, H.P., and Slutz, R.J.
"The Reactions of Thin Beams and Slabs to Impact Loads,
Part I, Theory; Part. II Beams," Natl. Research Council
Comm. on Passive Protection against Bombing, Interim
Rpt. Nos. 13 md 14. 194-2. . '"

Da4l. White, Merit P., 
"friction in Buildings," Bull. Seis. Soc. Am.v.31,Apr.1941

Da40. Lee, E.H.
"Impact of Mass Striking a Beam," Am.Soc.Mech.Engrs.Trans,
(JApp.Mech.), v.7 n.4 p.A-129-38, Dec." 1940.

Paper deals solely with central impact on beam simply

supported at ends; no difficulties encountered in general-
izing method for impact at any point along beam; develop-
ment leade to similar conclusions, relations being ex-
pressed in terms of normalized characteristic functions
for modes of vibration. Biblio.

Da3.' Jacobsen, L. S.
"fatural Periods of Uniform Cantilever Beams," Trans.

ASCE 1939,p.402.

D13. Cteskoff, Jacob J.
"Dynamics of Earthquake Resistant Structures,'"P'McGraw-
Hill, l28pp. 1934.'

Dynamics of earthquake motion: deflections of beams in
moment and shear; free transverse vibrations of a slender
beam; forced transverse vibrations ,of a slender beam;
distribution-of seismic shear and noment; application to
buildings; aseismic design of a tall building; aseiemic
design of a'short building..

Da33. Diet, U.
"Theory of Elastic Systems Vibrating under Transient
Impulse, with an Application to Earthquake-proof

Buildings," Nat.Acad.Sci.Proc. v.19 n.2, 1933.

General method of evaluating random impulses on vibrat-

ing systems. .



D&30. Donnelil, L.T.-
"Longitudinal Wave Transmission and Iiatact," Trans.
Aid App.MedhDiY. 5?, P-1:153, 1930.

yDa? U yand, Y. S.,

"Propagation of Waves in Transverse Vibrations 6f Beams
and-Plates," (In Russian) Prikladtayz Matenatikcz i
Ischanikca (US"SR) vol~rll flQ.3.
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Dbo ELASTIC STRUCTURAL DYNAMICS---MODELING

Db50. jIermes, R.M., and Yen, C, v d&S C-[."Dynamic Modeling foir'Stress Similitude. " Univ. Santa Clara,-
" Calif. Tech Rpt. NO ,2 to 0NR Contract No. NS onr-423,

June 195.0.....

Modeling methods for dynamic" stress analysis and the concept

of,,engineering accuracy are briefly discussed. Summary of

the results of the analytical work on dynamic modeling of( be:ams presented previously are given. The conclusebns of
the preyious analysis is verified, namely? for thobe appli-
catiohs where damping can be neglected, modeling for-
stress similitude cn be attained if the dimensionless
radius, of gyration is the same for prototype and model;
and those applications where internal damping is of impor-

JA ;tance, geometric similarity between prototype and model is
*necessary.

Db49. Hermes, R.M., and Yen, C, S.
"Dynamic Modeling fol" Stress Similitude, " Univ. Santa Clara
Tech.Rpt. No.1 to ONR Contract NB onr-t23 July 1949.

Method of rendering the equations of motion of a vibrating
beam in dimensionless for* is presented,- Parameters, which
must be kept constant forkmodel similitude, are derived.-
Internal damping is considered and the conclusion is reached

- that it can be satisfactorily modeled. Effect of internal
damping is recognized and evaluated. The eigen-functions
in dimensionless form are summarized for each of the six
types of vibrating beams; also frequency equations. These
functions are shown to be normalized with proper choice of
coefficients.

Db396 : White, MoP, and Byrne, &E
"M'odel Studies oi the Vibrations of Structures during
Earthquakes," Bull, Seis.-Soc.Am. 29:327-33 , 1939.

Db38. Ruge, Arthur C.
"Earthquake Resistance of Elevated Water Tanks, " Trans.
ASCE 1034.889-949, 1938.

Results of model tests. Experimental methods, Similarity.
ew type of spring-element diagonal invdstigated.-

Db38. "Structural Models, " C and R Bull. #13, USN Dept. Bur.
Construction and Repair, Washington,D.C,, U,.Si.Govt.
Print.Off°.

,. Part I. : Theory 1938-

Part IIL--- Model Investigations of Armored Structure 1940

....

., . _ ' I I I " 1 LL . I IH I I I II'
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3Jb35. Beggs, Ri.D. , and Davis, H. E, and Davisa, R. E.
ItTests on Structural Models of Proposed San Francisco-
Oakland Suspension Bridge," Univ. of 'Calif. Pub, in
Engr. .v. 3 n. 2, 1935..

IhcludeE dynamic model theory end a complete (as of' 1935)
bibliography on model testing and dimensional analysis.

Db34. Bull. Seis. -Soo. Am. July, !,34:- pp. -70-230.,
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De. ELASTIC STRUCTURAL DYNAMLvCS---PROPAGATI.ON
QF STRESS AND) STR AIN

See also:,Da42 Prescott

"the Propagation of Longitudinal Waves of Plastic Deformnationi
in a Bar of Material Exhibiting a Strain-Rate' ~ffoctj
APR., Mech.'- v. 318 n. 2 pp. 20-3- 209 June 195.1.

The theory of propagation of longitudinal waves of, plastic
deformation is extended to apply to',materials in which the
stress is a function of the instantaL :)us 'plastic. strain and......*
strain rate.' Solut ions are q4ve'f an ideal iz 'a flow l.aw
and compar~d with solutions based upon earlier theories
which neglectl strain-rate effect.

"as40"wd've Pro)pagation Effects. in High Spee
Quart er)i App. Math. p. 40*5, Jan.14951.

Dc~l. Rinehart, lohn S.:a
"!Some Qantitative Data Bearing on the Soabbitn' of Metals
under Explosive Attack," 3.' App. Phys.' .22 n. 5 May 195.

Dc6O. Thornton, D. L. *

"Applicatione"vf Stress Pro~aigation in Civil EngIneering,"'1
Engr. 160:689-92, Tune 16, 1950.-

By-means of-strain gageel/and a cathode-ray beeillograph,
'I records of the vfirliion of strain, with'time ip- *'ifwn of 'c

a steel bar. Discussion of propagation,,,of proi uure-puls,
of short duration when 'the amlitude sje sain-4ave hs
aideeded 'the proportional limnit"of both ductike and' brittle
materials, ino~uding mathematical treatment and,_8so ex-
perimental results for structural concrete aemi nts.'

'Do6O. "von Karman j T.; and p) xwez,: P. "

"The Propagation of Plastic Detormati6n in Solids,"
J. App. Phys. V. 21 n.'l0 pp. 987-9?(94 Oct. -1950.

Theoretical and experimentd (st~idy of lon ,tludinal ip~
ae nd of bar; ex= rimonts' on. propagation of plastic '

9 strains in epeeim.n subjected to tension impa .,-

Do49.',, Clrk, .D. S., "and Wood, D. S. , '" ,I

V'Th6 Time Delay for-the Inlitiati6pof Plastic t~formation-
at Rapidiy' Applied Constant Stress," AM'. aoc. Tes'Mat
Proc.49:717-737, .1949. ~ *

"fThe design and construction of a special rapid-lo6ad

4'
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testing machine is described with which tensile loads may
be applied to a specimen within 5 milli-second, and longer.
Tests,m~de on annoaled low-carbon steel are pr'beented and

Do4.usse in detail. ---It is concluded that the time, delay

"Propagation o rnvreWvsi em, R p.
F-54 6..Naval Research L.., Washington, D. C. june 1949.,

v.38, 7th Series..1947. Q
Dbc47: Dhiwaz, and C ,lark'

"An ]Experimental Study of the Propagation of P1lstio
Deformation under Conditions of Longitudinal Itepsot,"

A.Soc. Tefst. gat. Proa., 47:502-6523 1947.,

The, theory of plasti$ ,strain propagation is r v~wed
with rere ec tonjitudinal impc.~oa impact, ,

testng quipentis desori1bad. Tests in tension on
lqAg wires and 'on specimenfs of other gage lengths are

rpotqd, ;together with the results of some tepki mide
i~cmression. Theoeffeotl of release of loadirg and

rorlootion of plastic strain waves on plastio:~train
distribution a" considered.-The concept of critical
Veloity Is discussed. The aomalous .behavior of
marial for whioh there is a yield point Is presented.-

.hu.mindicate very satisfactory agreement between
# tluscry and, experiment.

Do4?. 6( ~p eneSr, Dorpi._ nd Others
kT'4 . 7.go Metals," Pu~blished by the American Boo.'
.Or' Metals, 31bpp. (Cleveland, Ohio) 1947.

A uaminar on tbe~ fracturing of metals. Followint gives
titles of typical subjects trve*ted: "The Microw-Mechanism
ot Tractuia, " "The Effect of Stress State on the.
Yractuie Strength of Mestals," "EIlffect of Strain on Fracture,"
--- ''includes l4 other articles.

Dq4& Taylor, 0.!.
"Testing of Materials At High Rates o.f Loading," T,12stn.
Cit. Engre. J" v.6 8Ot. 3.946 (PP486-slg).

"Methods of determining properties of materials subjecot
\to impact loading iuch as Hopkinson's experiment, bouncing-

I 1 experiments, tests in'whioh yield poinat is.~passed;
tiluenos of rate nf strain, impaot at very high, speeds,

study of stress waves in p2lastiomaterials; illustrated
description of'Mann's high-"velocity tension impact machine.

... ~. . Bibliography.-/
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Dc45. Duwez, P.E., Martens, H.E.,,and Clark, D.S.
"Preliminary study of the influence of rapid loading
and time at load on the initiation of plastic deforma-
tiou ill tI11i3ion," Report No.' M-450 National Defense
Research Committee (Office Of Scientific Research and,
Development No. 4621) Jan. 2,1945.

Dc44. Boc just, Henri Frederic

%1 1ote on Von Karman's Theory of the Propagation of
Plastic Deformation in Solids," A-41M 0SRD 664 June 25,1944."

Dc42. Bogosian, A., and O'Brien, E.H.
"Report on the Construction of a Wind Tunnel Model
Wing (SBU2) Whose Dynamic and Elastic Characteristics
are Proportional to the Full Scale Wing," MIT ASR Rpt.
No. 748M8-42-4-2, 1942.

Dc42. FlUgge, W.
"The Propagation of Bending Waves in Beams, " (In Genan)
Z. Angis'. Math..Noch. v.q ,.6 Doc. 1942.

Dc42. Zener, C. , and Hollenon, J.H.
"Addendum to Von Karman's Theory of the Propagation of
Plastic Deformation in Solids," A-3?M OSRD 659 Tune 1942.

Do35. Glanville, Grime, and Davis
"Behavior of Reinforced Concrete Piles During Driving,"
J. Instn. Civ. Engre. v.1, 150-234, 1935.

Ext'emely extensive (80 pp.) theoretical and experimental
study, math, theories given; study of stress propagation.

Dc32.!. Fox, E.N.
"Stress Phunomena Occurring in Pile Driving,", Eagr. 134:
2. 3, 1932.

Application of elastic wave theory tn pile-driving
phenomena. Rather thorough math treatment. British.

D027. • Griffith, A.A.
"The Phenomena of Rupture and Flow in Solids," Trans.
Royal Soc. 10:402, 1927.

Do?? Karman, Th. v, Bohenblust, H.F. and Hyers, D.H.
"The Propagation of Plastic Waves in Tension Specimens
of Finite Length, ". NDRC Report A-103 (OSRD No. p46).

N,'k
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Ea. THEORIES OF FAILURE---BRITTLE "FAILURE

EaSO:. Bateson, H.M.
"Some Views on theBreaking of Glass Derived from the
Examination of Fracture Surfaces," Soc. Glass Tech.J.-
v. XXXIV n. 15p pp. 114-118, June 1950.

Ea49. Haward, R. N.
"The Strength of Plastics and Glass,' (A Study in Time-
Sensitive Materials). Ihteraoience Publishers, R45pp. 1949.

Ea4g-" Jones, G.O.-
"The Interpretation of the Experimental Data: on the
Strength of Glass," Soc. Glaps Tech. J. v. XXX1I n. 151
pp.120-137 April1949.

"The main conclusions of experimental work on the strength
of glass are. discussed from the point of view of the
Griffith flaw theory and of later theories of the strength
of solids. An attempt is made to present a broadly
correct interpretation of the phenomena and to suggest
why other explanations of particular phenomena may be
incorrect."

1a48. Frankel, Jacob Porter
"Relative Strengths of Portland Cement Mortar in Bending
! nder Various Loading Conditions," Am. Cono.Inst. J 20:

*21-32, 1948.

Assuming the behavior of standard mortar to be similar to
that of plain concrete, tests were performed on 99 small
mortar beams under sixth, third and center-point loading
to verify the applicability of the statistical theory of
the strength of brittle materials to concrete construction.

EaIe. Lethersish, W.
"A Theory of the Transition from Tough to Brittle Fracture
with Special Reference to Velocity Effects in Impact Test-
ing," 7th Int. Cong.App.Mech.Proc. 1, pp. 61-73, 1948.

The energy to fracture, anid tensile strength are discussed
in terms of a very simple model, with fracture obeying
maximum strain laws for both brittle and tough behavior,
For brittle fracture, it is assumed that 'the hydrostatic
component of-the state of stress controls, while the
shear component controls ductile behavior,-

Ea47." Fisher, J.C., and Hollomon, J.H.I"Statistical Theory of Fracture," Am.Inst.Min. and Met.
Engrs. Tech.1?ub.No.2218 for meeting Nov.1946, l6pp. (Metals
Technology v.14, Aug.1947).

Review of literature and theoretical mathematical analysis

N' "
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of fracture stress of metallic and non-metallic materials;
source of low fracture strees in glass; statistical analy-
sis; ref to work of G. Sachs and J.D.Lubahn on notched bar
tests of nohesive strength of steels.

Ea46 Poncelet, E.F.
"Fracture and Comminution of Brittle Solids," Am. Inst.gin.
and Met.Engrs.Trans.v.169, 1946.

Contents: It has been theorized that comminution of brittle
solids occurs in the following steps: " p

(1) Deformation of the solid to be comminuted by the
application of outside forces resulting in tensile
stres8ed.

(2) Development of one or more cracks as a direct result of
these stresses.

(3) Formation of comipraRsRn and transverse pulsec causod by

these breaks to travel through the solid, the later pulses
causing the cracks to progress mainly at the critical
crack velocity, a constant for the material.,

" (4) Generation of tension and more transverse pulses by re-
flection of the compression pulses at the solid's free
boundaries, causing offspring cracks to form and progress
preferent!1ally in the smaller fragments liberated by the
parent cracks.

(s) Formation of residual particles of smaller and smaller
sizes as the process is repeated until the whole solid
is reduced to a collection of residual particles.

El41. Tucker, J., Jr.
"Statistical Theory of the Effect of Dimenklons and Method
of Loading on the Modulus of Rupture of Beams," Am. Soos*
Test.Mat.Proc.V. 41 p.1072, 1941.,

There, is an inherent difference in the strength of duplicate
test specimens no matter how carefully these specimens are
made or tested. Such differences are a natural charaoter-
iatic of the materials, and are m:re pronounced in some than
in others. The paper shows how the variations in the strength
of small elements of volume within a speoidlen will affect
the modulus'-vf rupture of beams of different dimensiOns and
beams subjected to different loading. For example, the modu-
lus of rupture of a beah will be decreased with beam depth
and with beam length, and will be greater in centrally
loaded beams than in similar beams loaded at third points.

SEa9. Wibull, W."
"A Statistical Theory of the Strength of Materials,"

Develops a general statistical theory to explain the ulti-
mate rupture strength of materials. Shows that the ;rob-
ability of rupture (S) is such that log (l-a) u- J.f(v) dv.
.Empirlly determines the function of stress f(c-) on the

p/ .

fi
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basis of tests of plaster of paris, porcelain, portland
cement mortar, wood, cotton yarn, and aluminum castings.

ER2l.- Griffith, A.A.
"The Phenomena of Rupture and Flow in Solids," Phil.
Trans. A 221: 163-198, March 1921.

Establishes A fundamental theory of rupture predicated
on the influence of flaws. Ths flaws permit development
of stress concentrations which effectively reduce
average stress to cause rupture.-Many subsequent works
of various authors are. based on the "Griffith Flow
Theory."

J,
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Eb. THEORIES OF FAILURE---PLASTICITY

Eb5l. "Phillips, Aris
"A General Method of Calculating the Moment-Strain (Max)
Diagram in Plastic Bending of Beoms, " Paper no. 51-APM-6,
J.App.Mech. 195.1.,

A new method is given for finding Moment-Strain (max)

curve in the case of a s3ymetrical puri bending of barsI' in :plasticity.

Eb5O.- Morrison, J.L.M., and Shepher, W.M.,
"Experimental Invostigation of Plastic Stiua-Strain
Relations," Ihst.Mech.Egr.Proc. 162 (W.E.P. no.55): 1-9
pl 1/2; discussion 10-17, 1950.

Eb49. Chamband, M.
"Elastoplastic Theory of Bending kp Beams of Reinforced
Concrete," rnst. Tech. Batim Trav. Pubi.1cl, NoV. 949.
(Ih French, 17pp.)

Eb49. Maria, X.
"Stress Strain Relations in the Plastic Range for
Biaxial Stresses," 3.T. Franklin Inst. pp. 231-250, Sept. 1949.

Gives results of experimental investigation on thin-
walled aluminum alloy tubes subjected to combined tension
and torsion. Stress-strain diagrams for plastic range
given. Curves, equations, and bibliography given.

Eb4 .- Prager, W..
"Recent Developments in the Mathematical Theory of

• \. Plasticity," T.App.Phys. March, 1949.

Eb4t# Swida, W.
"The Elastoplastic Bending of a Curved Bar of Work-
hardening Material," ?I ogen-Arch i~ I-. 4 00. 9-.q0,
1949- (Xn German)

Relation between bending moment and fiber streu in a
curved tb'am with an assumption that cross section is of
such shape that under inoreasing moment, inelastib
action commenoes at concave surface of beam.-Remarks on
economy to be realized in working in inelastic range,
and solution of problem is indicated for curved stress-
strain diagrams.

D49. Weotwater, J.W. .
"Flexure Testing of Plastic Material,," Am. Soo.Test.Mate.
reprint (Nq.87) 26pp. 1949. (Am. Soo. Dut.Mat.49: 1092, 199),

Comprehensive theoretical treatment with tests: load-
deflection curves; bibliography.

IIJ
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Eb4S. Lusion, W.W.i and Johnsion, Bruce G.
* "Plastic Behavior of Wide Flange Beams," Welding J.

Research Supplement v.,27, lpp.-Nov.l948.

This report presents results of wide flange sections
tested as simple beams with thifd point loading
through the elastic and into the plastic range; bend-
ing behavior of beam depicted by 9 (moment),- 0. (rate
of change of slope of the beam axis).curves; diagram
of elastic stress distributions; local buckling; resid-
ual stresses; diagrams of general test setup using SR-4
strain gages; strain distribhtion diagrams across ten-
sion and compression flanges; summary of test results;
initial stress condition, initial yield moment, plastic
moment, calculated and observed values.-

II EKb48.- W.grI
"Problem Types in the Theory of Perfectly Plastic
Materials," J. Aero So. (1576) pp.337 June 1948.

Consideretion'of different problem types; examples 1is-
cussed; #pp; bibliography.,

EU48.- Prager, W.....

'T"heory of Plastic Flow vs Theory of Plastic Deformiation,"
3. App. Phys. (19-6) pp. 540-543, June 1948.

Typical theories of plastic flow and plaitic deformation
are discussed, and concept of neutral change of ssreas
is introduced.

P b48. Prager, W.

"The Stress Strain Laws of the Mathematical Theory of
Plasticlty---A Survey of Recent Progress," J App.Phys.
(1573 Quarterly) pp.226.33, Sept.1948.

Ib48. Reiner, M.,
"Elasticity Beyond the Elastic Limit," Am...Math.v v. 70
n.2 pp. 433-446, April 1948.-;

Extensive mathematical treatment, 13pp, Bibliography.

b47. White, M.P., and Griffis, L.-
'The Propagttion of Plasticity in Uniaxial Compression,"
Trans. ABE App.Mech.Div. 69:A-337, 1947.

Eb45. Millowitz, Julius
"The Ihitiation and Propagation of the Plastic Zone in
a M41d Steel Tension Bar," A-309 QSRD 4612. Jan.24, 1945.-

Eb"., "The Propagation of the Plastic Zone Along a Tension Bar
Having a Well-defined Plastic Limit," A-290 OSRD 3864,
July 1, 1944.
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Eb43. Bridgman, Percy Williams
"Plastic Deformation of Steel Under High Pressure,"
progross Reports 1-3 A-95. OSRD 919 Sept.1942, Sept-1943.

Eb43. Jensen, V.P.
"The Plasticity Ratio of Concrete and its Effect on the
Ultimate Strength of Bsams," Am. ConcInst.J' p. 565
June 1943..

The hypothesis is advanced that the stress-strain diagram
for concrete under short time loading may be idealized for

certain purposes so as to consist of two linear parts,,, one representing elastic behavior and the Otherreprosenting

plastic behavior. The former is measured by the "modular
ratio" which is defined as the ratio of the E of stel to
the initial E of concrete. The latter i6 measured by the
"plasticity ratio" which is defined as the ratio of the

plastic strain to the total strain at rupture of the conce
An empirical equation is given to express the relationship
between the plasticity ratio and the'compressive strength
of the cono. Formulas are derived- for the ult str of
beams reinf in tension only.-

Eb42. Whitney, Charles S.
"Plastic Theory of Reinforced Concrete Design," Am. Soc. Civ.
Engrs. Trans. 107: 251-326, 1942.,

If,

'



63

Ec. THEORIES OF FAILURE---LIMIT THEORY.

E05.l. Neal, B.G., and Symonds, P.S.
"A Method for Cal~culating the Failure Load for a Framed
Stralcture Subjected to Fluctuating Loads," Ihst. Civ.
Engr. T. v. 3 pp. 186--19 7, 3n~n. 19 5.

Two-span rigid frame. Sequence of loading which may
cause failure by incremental collapse is determined.-

BcOO. Drucker, D.C.
"IPl# tioity of Metals; Mathematical Theory and Structural .
Apicaions, i Am. Soc. Civ.Engr.Proc. 76.1-14, -Aug. 1950.

Gives simple structural applications of plastic deeiga.,
Example 9,f beam, column, simple A-frame, and three-
wire problem.

BOBO.- eym~an, 3.,
"The Limit Design-of Space Frames," Tech.Rpt.AlS-2
Contrac6t NV? ONR 35W86. Brown Univ. l 95.0.

EcO50. Penzien, Zbeeph, and.Williams, Harry A.
"A Discussion of-the Dynamic Analysis of',a Frame Sub-
jected to an Impulsive Load, ",MIT rpt. submitted to New
Englen i.Crso Engrs.Contract No. DA-19 -016'-a-3
Aug. 1950-.

This report givr'p the detailed results of anai ,tioal
studies of ,a. nuniber of problems which would arise in con-'

* nection with the analysis or design of a frame building
tol resist-the effects due to a long duration blast. Pur-
lpose of study was to explore the-various methods of
analysis and to establish t he errors involved fia simpli;-
fied approaches. For best results in analyzing a final
design, the general step-by-step proosd~tre, assuming
linear variation of acceleration is rocommended. .The
simplified step-by-step method which assumes infinitely
rigid girders is recommended for preliminary design.-
The average rate of-.stress build-up for the structure
and loading conditions assumed for this investigation
was rapid enough to. warrant an increase in the yield
point of'steel.

Eo5O.- Phillips, rsf
"Symmetrical Pure Bending of Beams in Plasticity,"
Tech.Rpt.#7 ONR Contract DiV.of Engr.Mech. Stanford.-

E05O. Symonds, P. S., and Prager, W.
"Elastic-Plastic Analysis oqf Structures Subjected to
LoadsVarying Arbitrarily between Prescribed Limits,"
T.App.Mech. 17:357323, 1950.
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Ec49. Baker, J. F.
"A Review of Recent Ihvestigations into the Behavior of
Steel Frames in the Plastic Range," J. Instn. Civ. Engrs.
'1: 188-240 Tan. 1949.

Eo49. Baker, J. F.
"The Design of Steel Frames," J. Instn. Structural Engrs.
27:397, 1949.

Presents an engineering approach to the design of
portal frames, multi-storied building frames, and gabled
bents by means of the principle of "Limit Design." An
cxtonsive bibliopi'aphy, in which the author's earlier
works are completely referenced, is provided.

Ec49. Powell. E.G.S.
"Don't be an Ostrich--- 'Limit Design' is Safer and More
Economi cal, " New Zealand Eng. v. 4 nos. 1//2, Tan. -Feb. 1909.

.-Factor of safety of 2 against plastic yield is considered
desirable; numerical examples show that actual factor of
safety or overload margin is much greater against fail-
ure than against plastic yield point assumed in paloula-
tibns.

Ec48. Baker, X.F., Thomas, W.N.,' Williams and Lax.
"The Civil Engineer in War," A symposium of papers on
war-time engineering problems, 'v. 3. Published by Instn.
Civ.Engrs., , Great George-St., London, S.W.I., 1948.

Contents: "Plasticity as a Factor in the Design of War-
time Structures," (Baker),. Elementary theory of plastic
bending; basement strengthening, surface shelters, in-
door shelters, protection of factories. "The Effects of
Impulsive Forces on-Materials and Structural Members,"
Prof. Thomas. "The Design of Frame Bunldings against
High Explosive Bombs,""Prof. Baker, Williams and Lax.

Ec48. Kirkwood,-Jo.G., and Richardson, J.M.
"The Plastic Deformation of Circular Diaphragms under
Dynamic Loading by an Underwater Explosion Wave,"
OSRD Rpt. No. 4200, 1944.

A study of plastic deformation of clrculap plates under
various constraints.,
(This work is summarized, and references to other authors

* are given in "Underwater Explosions," by R. H. Cole,
* I ! , Princeton Univ.Press, Chapter 10..)

Ec48. ' den Broek, J A.

"Theory of Limit Design," Wiley, 1948.

I' - '
. :.
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Ec47. Horme, M. R.
"A Moment Distribution Method for Rigid Frame Steel
Str ptures Loaded beyond the Yield Point, ", British
Welding Research Assoc. (Special Report no.25.)
(Also: Welding Research V. 1 n. 3 Aug. 1947)
(Also: Inst.Weld.Trans.v.10, Weld Research Sec.-
pp.6-l51, Aug. 1947).

Ec47.• Hrenikoff, A. .

"Theory of Ihelastic"Bending with Reference to Limit
Design," Am. Soc. Civ.Engr.Proc. 73.255-89, Mar.1947;
discussion 73: 944-6, 1293-301; 74:277-82, 377-80-
June-Oct. 1947, Feb. -Mar 1948."

This paper contains the description of a method for
analyzing statically indeterminate flexural structures

I-A- baon. . "as.Lu orM.I str~uctures of

materials that do not obey Hooke's law., Contents are as
follows: Stress-strain relations in I-besz- channel
beams: deflections; shearing stresses in beams: elastic
range, plastic range: effect of shear stresses; stress
recession: computation of shape constants of an I:
beam: deflections, strains, stresses, and moments
under capacity loading; deformation data: limit design:
yielding'points, critical sections.

Ec47. • Panlilio, F.
"Theory of Limit Design Applied to Magnesium Alloy and
Aluminum Alloy Structures," Roy. Aero. Soo.J. 51:534-71,
June 1947.

Extensive series of tests on beams. Qives background of
limit design theory. Gives many defl-load curves. Good
bibliography.

E645. Richardson, JOhn M.
"Theory of the Plastic Deformation of Thin Plates with
Applications," A-344 0SRD 5660, Oct.19, 1945.

Xo44. Beskin, L.
"Predicting Ultimate Failure Loads," Mach.Design v.16.
n. 12 pp. 117-24, Dec. 1944.

Margin of safety against failure by fracture depends upon
plastic behavior of materials rather than elastic action
commonly assumed in calculating working stresses; using
simplifying assumption, author develops equations and
charts for predicting ultimate failure loads of parts
subjected to bending and to eccentric loading. (Discussion'/,,
confined essentially to failure of small metal machine
parts.) .,

r
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Ec44. White, Merit P.
"The Limit Design of Stcructures Subjz~cted~ to IMPUlsive
Loads - with Application to Mjlitary Structures,"lW-
(OSRD Report.No. 4192) NDRC Report Nb. A-293, 4Opp.
Sept. 1944.-

Design of military struct res should be based on a
dynamic analysis, and analysis should be in terms of
ultimate loads.,For imnpulsive loading, the important
quantity normally is not the maximum force-applied but
rather the amount of energy the structure can absorb
before collapse. In a typical structure (a simple rein-
forced cone boam) the energy at the elastic limit is
found by both calc and exp to be about 1/100 of the'energy absorbed before failure. This points to the*
desiirability of considering the plastic state in
analysis.-It is r'It propose?,. that smaller safety factors
be used, but that; if true saf'ety factors are known,
more consistent and therefore safer designs are pos-
sible with no increase in cost. Article gives tables,
dia6.dms and graphs.

Ec4l., Peterson, F. G. E.
"H~ow 'to Use Limit Design," Eng.Yews Rec.126.*41-2,
Jasn. 2, 1941., Disc.: 126:5.22-3, April 10, 1941.

NTheory of limnit design explainaed, typibal probloms,
steps involved in applyinag limit design to a simple
rigid frame.'

Ec40.. Goodrich, C.M.
""Limit Desiign," Eng...v.,23 nos.l1 and 5, Tsn. 1940,. pp. 5-6.
and disc. May pp.220-7.

General, discussion giviig,p~ilosophy of limit design and
urging use of -imait design in practice.

zc2s , Leibnitz-2 Maier-
r"liperiments withClamped and Simple "Beams of 1. Shape'
4ade of Steel 'St." 37"(iGean utcsk _qi qg,
194. Also: Stpuhl bats 9j 1996..(t
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PFa FAILURE OF BUILDINGS---STATIC TESTS

Fa5P, Johnson, Carl 13. .9

"Light Gage Stmel Diaphragms in Building Construction,"
Paper presentd, at Natl , *.Meeting of Am. Soo. Ci. -

Engrs.; 'April 190..o

Fa5O. 'Peterson, Charles"Behi4io' of Single Diagonally Sheathed Wood Diaphragms,"

9a e presented at Natl.:.Meeting of.;Am.Soc.Civ.•
Engrs., April 1950.

Pa49.' Green, N. B., and Horner, A. C. -
"Tests Establish Strength of Single Diagonally Sheathed

Roof Structure, "West. Constx,% - Nws August 15, 1949.

Tests to detrmine diaphragm action of the single diagon-
ally sheathed wood structure toward its use on buildings
to effectively resist lateral seismic and windforces.
Truss and diaphragm action, limitations in practice, con-
clusions, applications, recommendations; analysis of the
tests in accordance wi.th beam theory; relationship of the

shear stress modulus of the model pakiel to that of the
prototype; deflecti.in of, and load at proportional limit
for, a full size wood diaphragm; application to design of
roof panels.

Fa49. Owen, J.B.B.
"Review of the Tee(ig of Structures," Eng. Struct. N".Y.
Academic Preen, pp.41-2W5& 1949.

((Techniques for testing structures to destruction fre
reviewed principally as they apply. to British pradtice.

4 Loading and strain measurements, etc. An acoustic Sage
is discussed which may off'eI:,some improvement in
stability over resistance gag )s.,

Fa48. Hammill, H.B., Degenkolb, .oo Dewell, H.D.,GOuld, J.J. and

Nishkian, L.H.i
!I .~"Tests of Timber Structures from Golden Gate Intetl v.Exposition," Trans. A1CE 110:.ll8-126O, 1948.

. 1? trusses, 37 joints 6ffstructural frames,,3 15 -ft.struts,
and 103 laboratory specimens tested to failure.

Fa47. "The Rigidity and. Strength of Frame Walls," No. R896,
U. S. Dept. of Agr." Forest Service, Forest Pro4. Lab.,,
Mdipon, Wisconsin, 1947.

Engineering analysi6 and tests of small frame, structurea
to determine the relative resistance of ,different types
of frame wall constructinrto l6ngft4dinal thrust. Also

'. . . ' -  ,,
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2 ~ ~ ~ L a td f h integral part of the frade buildn 1 sc
as the lintels, floor system, roof sys tem and stair.well1,
with an effort to give a better understandi,,ng and apprecia-
tion of the principles involved in wall orstruotion..

14a.35- Green, N.B.
"!The Lateral 'Resistance of Bearing Wall Buildings,"
JPac., Coast. Bldg. Officials Conference Bul. Xune -~35..

FeM6 Gre Vn, i. B> ,Homner, A,. C- and Combs, Theodore C. f
'Eart1\quake Resletance of Wood Floors. Used as Diaphragms in,

Maao. Wal Buildings,"' Engr. Nws Rec. - J1:711 une 80, ~

Asummaryof recbnt full size and quarter scale model -tests

including working formulas and values for' design. 28pp.-

Report of test,. of 37th'St. School,_ Los' Angeles,. Calif".'1934K

A thi'ee-story, 'wood-jist, unroinfoe4 brick bearing wVJ 1/
building with a central corridor having brick walls andV,.
-concrete floblrs'was tested. Purpose wasto obtain fundamental
informat ion on the behavior o6f wood floors as distributing
diaphragmns for lateral loads, such as those produced by
e~arthquake oir wind,a nd to investigate the behavior of exist7
in brick masonry whentsubJ~cted to such loads.'Qualitative
and quantitative results. The school was 10 years old and
appeared to represen~t approximately the average-'design and
odne.truction practice' of the timae of its erection. The effect
of lateral forces apparently was not considered in. the design
of the building. Elastic load-deflection curvps;'photos;
tables'of teat results.-

alsilo:- "Long Beach Floor Eat<"Dgr.Nebws Re. p.142,
Feb. 1, 1934; also July 12, 1934.

PaM. Lateral Resistance Tests," Engr.NMews Rec. Jul y 12, 1934.

Stanordtess.'Poits p necessity for adequate conxnections
between structural' elements cf a building to provide~resist- '

* ance to eprthquake forces.-.

Cl 'I



Fb. FAILURE OF BUILDINTGS --- HIGH' EXPLOSIVE BOMBS

I" Seeus alsoge by HE' Weapons, Acting by Blast," REX 214

Revied.Reserchand Experiments Dept., Ministry of
' Home Security. Brqitish. Mrh14.

Fb4 3.- "A ir, Raid Da mage Report," Ser.. No.A4 Ministry ofLHome
Security. British. Feb. 1943.. (Also Ser. Nbs. -Cl, C2, D4).

F64-3. " Damage to Steel Framed Buildings," B. E. 4 Data
Comp'li.ation No. 26. Ministry of Home Secuirity. Britibh.-
Feb. 1943.

Fb43. "Effect of German HE Bombs on Industrial Structures,"
I / REU 2.24. Ministry of Home S 'urity._British, May 1943.

/fFb42. "Air Raid Damage Report," Ser. No. C4. -Ministry of
Home Security. British. 1942.:.

Eb42. "Bomb Tests of Materials and Structures," Engr. Newo
Reo. -V.128 n. 5.pp;,l851-7 Tan. 29, 1942.

Data made availabl1e by War Dept., as to resistance of
various types of Construction under actual bombiing.
Published by Office of Civilian Defense, Wazhiiagton,D.C.-

jFb42., "Dam a ge to R. C. *Framed Buildingsa," Data Compilation
9o.32. Ministry of Home. Security. British. 1942.

3b42. - "Damage to Single StoryBuildings," RE 4 Data Compilation
o..Msiie'ry of Home Security. British. May 1L942.

Fb4l.: Bondy, 0.
"London Letter on Bu ildings Under Bombing," Engr. News
Rec. v. 127 n. 7o 11 and 21, Aug. -14, 1941 pp. 214-15 'and
(dieaussion) Sept. 11 P.343 and Nov.a, p.711.,

London report on' structural damage from bombing; oblique
hits on walls are more common than vertical hits on ~roofs;
damage even from same size bombs is extremely variable;

jy fireproofing of steelwork is particularly1 important;
bearing wall buildings are especially vulnerable; material

thiknesesrequired-for bomb protection.-

See also: Iron Age 14 :42i 6.Aug. 14, 191; Steel 109:80-2
Aug. 25

Fb4o.. "Air Raid Damage Report -Dolphin Court Flats,"1
Ministry of Home"'curity. British. Nov.,1940.-
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Fe. FAILURE OF B ULDING9----ATOMIC BOMBS

Fe~l. "International Bibliography on ktjmic Energy; vol.2,
Sciqptific Aspects," Columbia Univ.Pres 880pp. 195.1.

F050O. "Atomic Energy and Physteal Sciences," U.S. Atomic

Energy Commission, Washington, I). C.-228pp. 19NO.

Bibliography.

Yc5O. Bowman, Harry Lake
"Dombs vs Buildings," Engr.,News Rec. pp.?,4-27 Jan. 26, 1950,

Photos'of Japan A-Bomb damage.. Chart of ."Percent of
Damgge" v8 diet from ground zero for various types of
con~truotion.

1o0., U. S. Department of Defense and Atomic Energy Coimiss ion
"The Effects o f Atomic Weapons, " .produced und~er direc-
tion of L0o Alamos Scientific Lab., Los Alamos, N.Mex.
456pp. 1950. Available -from Supt. -of Documents, U. S.
Gpvt.,Printing.f, Wahntn D.C.

Comprehensive summary of state of knqwledge (as of .1960)
of physical and ibiological effects.

Fc48. - Tester, A. C.,
"Effect of Atomic Bombing on Building Materials at
Hiroshima, Japan," Geol. Soo. Bull. 5.8: 787-94 pl. 1-4,
Aug. .1948.

Stutdy of effects of atomic bombing on stone due to heat,
abrasion, eto.-

7c47. ~ U. S. Strategic Bombing Survey, Physical Damage Division
"Report. -"The Effects-of the Atomic Bomb on Hiroshima,.

.TApan, " 1947.-

Vol. I.: Classification of-buildings accor~ding to type for
purpose of presenting damage in table form. l20pp.
(All damage list ed in Vols. - r1. is designated
either as, ' superficial or structural. Superficial
damage is defined as damage such as surface burns,
etc., which does not reduce the load-carrying a-
paoity,of the structure. Struct~.ral damage is that.
which reduce~s the load-carrying capacity of the
struc ture.)

Vol.II1: Types of damage, fire cause and extent,, damage to
" j)buildings.-

Vol.III- Pictorial and graphical data are presented in ano' attempt to analyze the extent ok damaoe to machine
tools and bridges. Photos show extexit of damaged
buildings with characteristic patterns of failure
of several types of structures an~d the effect on
machinery contained within, caused bybuilding

V collapse,.or flyin,3 debris..
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Fc47. U.S. Strategic BomIbing Survey, Physical Damage Division.
"The Effects o=f lie Atomic Bomb on Nagasaki, Japan, " 1947.

Vol. I*: C1anasiFication of buildings siccording to type
for purpose of presenting damage in table form.
(A1iI ILmage listed in Vols. Ii: is, designated
eithner as superficial or structural. See
Hirashima report FC47.)
Parft 1. Summary, genIeral, miscellaneous information.
Part a. -Effects of Atomic -Bomb on industrialstrupturOs. '

Vol.II: BuiLdinL type-damage tables.
Part 3. Effects of A bomb on public buildings.
'Perit I. -Effects of A bomb on pub id utilities.

Vol"I"II: BuiLdiag type-damage tables.-
Par* 5.. -Effects ,of A bomb on machinery, equipment

and plant utilities.-
Part 6. Effects of A bomb on bridges and trans-

' 1 : porttipn systems. I
Part; 7. Fire damage effects of A bombs.
"Part 8. Translations of Japanese Official and

Industrial documents reporting results of
A bomb attack.

Both of the abcve StrategiiBbmbing Survey reports give ex-
aus atie damagas analyses.l m great many photographs 'P in-tin

cluded; detaileod reports o t damage to indiVidual buildings.
,Condensation awsilable froa Documents Div., U. S. Govt Printing

'" Off., Washingtcpn, M. C.'

F46. "Effect on Strctues of Atpmic Bombs,." Con. a d
Engr. 41:805-9 Aug.' 1946...

Abstract of' report written by scientist sent by British Govt.
to study offects of atomic bombs exploded over Japan; illus-
trations reveal damage on buildings 'of bx 'ok, reinforced con-
crete and steeL.

Fc46. Praeger, E.H.'
"Behavior of. o-ncrete Structures Under' tomi6 Bombing," Am.
Cone. Inst. J r-. 17 n. 6, pp. 709-720 June t946.

"The destructio-n wrought by atomic bombing of the Japanese
cities, iirosbina end Nagasa)ci, August, 1945, is outlined,
with an analysi s of typical damage within areas with respect
to 'zero point I The paper discusses principles and pro-
cedures of desi gn necessary to resist attacks by these
special new ea-pons."

i0
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( Fd. FAILURE OF BUILDIN~GS -- -EARTHQUAKES

See also: Da.34 Greskof

Fd5§1. Alford, T.L., and Housner, G.W.
"A Dynamic Test of 'Four Stqry Reinforced Concrete Build-
ing," Pubica Earthquice Engineering Research Ihst._

,Aug. 151

Ibreed vibrations with measurements. of deflections and
accelerations of amplitudes approaching those experienced
during strong-motion earthquakes. Results on damping:

ttlis small; increases with displacement; independent
J1 of frequency.

FdE5 . Birkenhauer, H.PF.
"The Prevention of Destruction from Seismic Waves," Rpt.
of Seis Lab. John -Carroll Univ., Cleveland, Ohio. 92pp.
195.1!

Comprehensive summary of work iii Japan atid USA. -Criteria
(f of earticuake damage. Extensive bibliography should be

H . ~consulted for significant references.

Fd4B. Robertson, R. G.,
"Earthquake-resistant Struct4i as; Seismic Facors and Use
of Reinforced Brickwork in Quetta Civil Reconstruction,",

'1\VTfstf.Civ.Engrs.J. v.29 n~.3 pp.171-84 Jan. 1948.

Damages to. structures caused by earthquakes in Quetta,
Baluchistan, British India, in 1.923, 1935 and 1941; measures
to make buildings earthquake resistant. Gives seismic factors
for different parts and types of structures. Formula for
acceleration at top of inadependent-wall-type structure.

7d36.- U.S. Department of Commerce, Coast and Geodetic Survey.
"Earthquiake Investi gat ions in California, l9354-ab,"
USCGS Spec.Pub. 201, 1936.,231pp.

Methods and results of, intensive program. Includes vibra-
tion ,tests on many- b u ildings. -Also detailed analysis of

* damage, to ordinary masonry buildings (exterior masonry
bearing walls with interiotr load-bearing construction of
wood, steel, or masonry; partitions, roof, and floor fram-
ing may be wood.)

Fd35,. Green, Norman B., Hoimer, A. C.,, and. Combs,. '.Theodore, C.
"Tests Indicate Design Methods for Earthquake-Proof Timber
Floors," 1,Engr.Niews- Ric., 114:871-875, 1935.

A summary of recent full-size and quarter-scale model tests
of wood floors considered as diaphragms in masonry wall I/

buildings.-



.171

Fd32. Freeman, JTohn R);''
*"Earthquak~ Nz~ag and Earthqr In~suranca," ist ed.

904pp. Mcqp-aw-H{ill 1932.

Structural leosons-and lo '6es from the San Francteao and
Charleston quakes; textbook on earthquake-resis tng strutural
-design, design of~ earthquake resis'tant buildings, streso lin
structures determined by\\period and amplitude; studies of~
enginee~ring data for earthquake-resistant coistruction. A

FdZ25. Dowell, Henry D..
"!Earthqiake Studies, " Corunonwealth~ Club of Calif,. Trans.
v.X1 no.E6, I.P25. pp.226-233. 4

onans cha ter on 6 Against Ear'thquak~ ad

'3hock. A /'1tical aly-si of construction'~ots in
existifl 8 buildings iwith relation to earthquake d geand
resistance. da e

.41

IIp
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G.' DESI'GN FOR IMPULSIVE( LCADIN G

Se'4 also: Fd~l Birkenhauer, Da~2. Whitney, Ec48 Baker, Eo44 White, -

Da60O Jwmark AfQ5 "S teeltyd Reinforcoed---," Da5O' Penzien,
Eb4;2 Whl tney

G51.' I7eal; Bern&hrd-George, qi nods al5
"A Method for Caloutati-. e Failure Loade. for a Framed

/7Structure Subjected to4"ructuaing Loads,"1 Insti.' - it.
~' Engra.J. no.3 .Ta-,1. 9"'L

The determination bf--- he crit~.cal value of' the load,paramete>fr ayfaestuurwhich, if exceeded,
would Cause failure- by inceremen 'tal collapse. It is essen-
tikCXy an plastio-plastio proble'm which can not be solved
with ut considering'the elastic behavior of the frame.-

/II G50. "amage 'from Atomic Explosion and Design of Protecltive
Structures," Dppt. of Defense and AEC. 195P.

Abstraicts of material from "Eff~cts of Atomic Weapons"
with recommendations on construction of ' rotectlve
'structures.'

049.' - Swindlehurat, JE
"Structural Defense," Structural E~g v.27 ni.7 pp.29-3O4

Defense'against exJiis ,ivel§; eiplosions on surface, wit .hin
'buildihig or below ground level; effect> of atomic bomb;
fully framed structurea, whether of steel or of reinforced
concrete, possess"'r0i sting prop,3rties superior in every
way to those qConstKUoted with load bearing walls.,

G48. Berling, G.
"Designing for Shock. Resistance," Prod. Engr. Jan. 1W4.

04. imperis,1 i.fl.
~ Aomic Attack and& Defense,"nr v8.n44 p. "

Nb.v. 19,1948.

ft Methods of active defense-discussed.'

G47. Turner, B.T.'
"1T~eo Design of Oscillating Cantiilevers," Airar. Eng.
pp. 385-387 Dec.'- 1947.

dutline of methods used in designing such a cantilever for
radar equipment, which may provide-a basis for similar
structures in aircraft.



"Perm;sF'b1 e Stresses for Ud'e in Design Based on Elastic
AiAney. L,"' _-Reinforced Concrete Bdama Acted UpoR~ by
Imnp,,JA.:-.v1 Load ," Informal Frog. Rpt. no.Z:3 (MIT), Off.-

So.~I v 'i k, .d Development OWsar-4168, March 1944.

T6' intate that in the design of typical fortifications,
an c~~ot' plastic deformation cons i,(tent'wi th a reason-,
able facto-- 2 ,-ety, against, important, damage, be permitted

Scont,,Plli4 Ades ign loads.- In this report a study is
madu, zi, the test ditta given in "Impact Tests of Reinforaed
Concorat' Beame, II,1 by Newmark and Richert (08RD1 ' 1l)
wharvln the testing under varying -impact loads of 104 rei~n-
forced' concrete beams of varying reinforcement is described.
Resxx 4  'f~ analysis given In tables. It was fudta h

"_*.ti iV.us elastic, strength" (using dynamic' elastiq analysis)
of ithe beams in bending and shear failure, under dynamic
loads, w Vs ten times the static ultimate strength. The total
energy appliead to a beam to produce failure should be of
the same order of magnitude. 'Thifs hypothesis was correlated
with eneiry cons Iderat ions, and for design _purposes he

'~recor~incle that factors of safety of '3 and 4 dy-applied to
the fictitious iitmaesrsefobndg(zi shear.'

G44.'- W ilbur, Jlohn B.'-
"Rev jed Procedure for Designing Roof Slabs to Resist
Bombing, ' Ihformaal Prog. Report no. 4, Off. Sci.Res.' and
revel Pmetit Olisr-468 March 1944 (MIT)

Cl4?. Neesma, H.L,- Pad Rose, NW.A. 2
"Aerial Bombardment Pro tection," Wiley,, 372pp. 1948.'

Detailed discussion on those measures which should be
taken tmake buildinig constructioil'resistant to effects

ofbomb L9g Cbaraote'ristics of "bombs, 'design procedures,
// present contruction practice and proposed modifications,

design jlf specific types of buliganalysis of build-
Ing re,ui'reents.,Fairly comprehenoive s&ummary of status
of kno/veeaso192
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